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PREFACE. 


LANi>-SuBysTi5a  is  perhaps  the  oldest  of  the  mathematical  arts.  Indeed, 
Geometry  itself,  as  its  name — "Land-measuring" — implies,  is  said  to 
have  arisen  from  the  efforts  of  the  Egyptian  sages  to  recover  and  to  fix 
the  land-marks  annually  swept  away  by  the  inundations  of  the  Nile. 
The  art  is  also  one  of  the  most  important  at  the  present  day,  as  deter- 
mining the  title  to  land,  the  foundation  of  the  whole  wealth  of  the 
world.  It  is  besides  one  of  the  most  useful  as  a  study,  from  its 
striking  exemplifications  of  the  practical  bearings  of  abstract  mathematics. 
But,  strangely  enough.  Surveying  has  never  yet  been  reduced  to  a  system- 
atic and  symmetric  whole.  To  effect  this,  by  basing  the  art  on  a  few 
simple  principle^  and  tracing  them  out  into  their  complicated  ramifications 
and  varied  applications  (^ which  extend  from  the  measurement  of  *'  a  mow- 
ing lot "  to  that  of  the  Heavens),  has  been  the  earnest  endeavor  of  the* 
present  writer.  • 

The  work,  in  its  inception,  grew  out  of  the  author's  own  needs.  Teach- 
ing Surveying,  as  preliminary  to  a  course  of  Civil  Engineering,  he 
found  none  of  the  books  in  use  (though  very  excellent  in  many  respects) 
suited  to  his  purpose.  Ho  was  therefore  compelled  to  teiTbh  the  subject 
by  a  combination  of  familiar  lectures  on  its  principles  and  exemplifica- 
tions of  its  practice.  His  notes  continually  swelling  in  bulk,  gradually 
bocame  systematized  in  nearly  their  present  form,  and  in  1851  ho  printed 
a  synopsis  of  them  for  the  use  of  his  classes.  His  system  has  thufl 
been  fully  tested,  and  the  present  volume  is  the  result. 


tT  LAIVD-SntTE¥UG. 

A  doable  object  haa  been  kept  in  view  in  its  prcparatioD;  viz.  to 

produce  b.  very  plain  introduction  to  the  aubject,  eas^  to  be  mastered  b^ 
the  joung  echolar  or  the  practical  man  of  little  previous  acc[uiTCincnt. 
the  only  prc-rcquisitcs  being  aritlimetic  and  a.  little  goometrj ;  and  nt  tbe 
Bame  time  to  make  tho  instruction  of  such  a  cliaRLcter  as  to  hy  a  fonndo- 
tion  broad  enough  and  deep  enough  for  the  most  complete  superstructure 
which  the  professional  student  may  subsequently  wish  to  raiso  upon  it 

Por  tho  coaveniODce  of  tnoae  wishing  to  make  a  hasty  eiamioation  of 
*  the  book,  a  summary  of  some  of  Ua  leading  poiotg  and  most  pecnliar 
features  will  hero  be  given. 

I.  AU  t/ie  operations  of  Surveying  are  deduced  from  only  Jive  simple 
prirtciplei.  These  prinoipleB  are  enunciated  and  illustrated  in  Chapter  1, 
of  Fart  I,  They  wiil  be  at  ouee  recognized  by  the  Geometer  as  familiar 
systfims  of  "Co-ordiaates/'  but  they  were  not  here  arbitrarily  assumed  in 
advance.  They  were  arrived  at  most  practically  by  analyzing  all  the 
numerous  and  iocongmoos  methods  and  contrivances  employed  in  Sur- 
veying, and  rejecting,  one  after  another,  all  extraneous  and  non-esscndal 
portions,  thus  reducing  down  tho  operations,  one  by  one  and  step  by 
Btop,  to  more  and  more  gcncial  and  comprchenBive  laws,  till  at  last, 
by  continual  elimination,  they  were  unespectedly  resolved  inio  these 
few  and  simple  principles;  upon  which  it  is  here  attempted  to  build  up 
a  Eymmctrical  system. 

II.  The  three  operations  common  to  all  kinds  of  Land-surveying,  viz. 
Slaking  the  Measurements,  Drawing  tho  Maps,  and  Calculating  tliQ 
Contents,  are  fully  esarained  tt  adeance,  ia  Part  I,  Chapters  2,  3,  4; 
so  that  when  the  various  methods  of  Surveying  are  subsequently  taken 
np,  only  the  few  new  points  which  are  peculiar  to  each,  require  to  be 

Each  kind  of  Surveying,  founded  on  one  of  the  five  fundamental  prin* 
eiplcs,  is  then  explained  in  its  turn,  in  the  successive  I'srts,  and  each 
carefully  kept  distinct  from  the  rest. 


Preface.  t 

m.  A  complete  system  of  Surveying  with  only  a  chain,  a  rope,  or 
any  substitute,  (invaluable  to  farmers  having  no  other  instruments,)  is 
very  fully  developed  in  Part  II. 

IV.  The  various  Problems  in  Chapter  5,  of  Part  II,  will  be  found 
\o  constitute  a  course  of  practical  Geometry  on  the  ground.  As  some 
of  their  demonstrations  involve  the  "Theory  of  Transversals,  etc,"  (a 
beautiful  supplement  to  the  ordinary  Geometry),  a  carefully  digested 
summary  of  its  principal  Theorems  is  here  given,  for  the  first  time  in 
English.     It  will  be  found  in  Appendix  B. 

V.  In  Compass  Surveying,  Part  III,  the  Field  work,  in  Chapter  3, 
is  adapted  to  our  American  practice ;  some  new  modes  of  platting  bear- 
ings are  given  in  Chapter  4,  and  in  Chapter  6,  the  rectangular  method 
of  calculating  contents  is  much  simplified. 

YI.  The  effects  of  the  continual  change  in  the  Variation  of  the  mag 
netic  needle  upon  the  surveys  of  old  lines,  the  difficulties  caused  by  it, 
and  the  means  of  remedying  them,  are  treated  of  with  great  minuteness 
of  practical  detail.  A  new  table  has  been  calculated  for  the  time  of 
"greatest  Azimuth,"  those  in  common  use  being  the  same  as  the  one 
prepared  by  Gkinmiere  in  1814,  and  consequently  greatly  in  error  now 
firom  the  change  of  place  of  the  North  Star  since  that  date. 

Vn.  In  Part  IV,  in  Chapter  1,  the  Transit  and  Theodolite  are 
explained  in  every  pointj;  in  Chapter  2,  all  forms  of  Verniers  are  shewn 
by  numerous  engravings;  and  in  Chapter  8,  the  Adjustments  are 
elucidated  by  some  novel  modes  of  illustration. 

Vm.  In  Part  VII,  will  be  found  all  the  best  methods  of  overcoming 
obstacles  to  sight  and  to  measurement  in  angular  Surveying. 

IX.  Part  XI  contains  a  very  complete  and  systematic  collection  of 
the  principal  problems  in  the  Division  of  Land. 

X.  The  Methods  of  Surveying  the  Public  Lands  of  the  United  Stateh, 
of  marking  lines  and  comers,  &c.,  are  given  in  Part  XII,  from  official 
documents,  with  great  minuteness ;  since  the  subject  interests  so  many 
bnd-owners  residing  in  the  Eastern  as  well  as  in  the  Western  States. 


LAND-SCRVETHrG. 

XI.  The  Tables  comprise  a  Traverse  TalU,  computed  for  this  Toluma, 
and  giving  increaaed  accuracy  in  one-fifteenth  of  the  naual  space;  a 
Tahle  of  Chords,  appearing  for  the  first  time  in  English,  and  auppljbg 
the  most  accurate  method  of  platting  angles ;  and  a  Tahle  of  natural 
Sines  and  Tangents.  The  usual  Logarithmio  Tablea  are  alao  giTtu 
Tho  tables  are  printed  on  tinted  paper,  on  the  ej^ft-sanng  principle  ttf 
Babbage. 

XII.  The  great  number  of  engraved  iilustrations,  moat  of  them  crig- 
inal,  b  a  peculiar  feature  of  this  volume,  suggested  by  the  esperienoe  of 
the  author  that  one  diagram  is  worth  a  page  of  print  in  giving  cleameES 
and  dcfinitcDcss  to  tho  otherwise  vagne  conceptions  of  a  atndcnt. 

XIII.  Tho  practical  details,  and  hints  to  the  young  Surveyor,  havo 
been  made  exceedingly  full  by  a  thorough  eianiination  of  more  than  fifty 
works  on  the  subject,  by  English,  French  and  German  writers,  so  as  to 
make  it  certain  that  nothing  which  could  ho  useful  had  been  overlooked. 
It  would  be  impossible  to  credit  aach  item  (though  this  has  been  most 
Bcrupulously  done  in  the  few  cases  in  whicli  an  American  writer  has  been 
referred  to),  but  the  principal  names  are  these:  Adams,  Ainsltc,  Baker, 
Begat,  Belcher,  Bourgeois,  Bourns,  Broes,  Bruff,  Burr,  Castle,  Fran- 
coeur,  Frome,  Galbraith,  Gibson,  Guy,  Hogard,  Jackson,  Lamotte, 
Lefovre,  Mascberoni,  Narrien,  Nesbitt,  Pearson,  Puillc,  Puisaant,  Reg- 
nault,  Richard,  Serret,  Simma,  Stevenson,  Weisbach,  Willluina. 

Should  any  important  error,  either  of  printer  or  author,  be  discovered 
(as  is  very  possible  in  a  work  of  so  much  detail,  despite  the  great  care 
need)  the  writisr  would  bo  much  obliged  by  its  prompt  communication. 

The  present  volume  will  he  followed  by  another  on  Levellinq  and 
EiODER  SuRTBirisa :  embracing  Levelling  (with  Spirit-Level,  Theodo- 
lile,  Barometer,  etc.)  ;  its  applications  in  Topography  or  Hill-drawing, 
in  Jflinitig  Surveys,  etc. ;  tho  Sexiant,  and  other  reflecting  instruments; 
Maritime  Surveying ;  and  Geodeiy,  with  its  practical  Astronomy. 
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TO  TEACHERS  AND  STUDENTS. 


Jm  iiU  dtairabU  to  obtain^  at  tke  earliest  poeeible  period^  a  ttifieitHt  knowledge  of  tke  gaurmi 
pHndpUt  qf  flurveifing  to  commence  it§  practice,  tke  Student  at  hie  Jaret  reading  nay  omit  tke 
vofHone  indicated  below,  and  take  ikgn  up  eubeequently  in  connection  witk  kie  reoiew  of  kie  otudiee, 
Tke  eame  owUeeione  may  be  made  by  Teackere  wkoee  claeeee  kave  only  a  ekort  time  for  tkie  etudy. 

In  PART  h  omU  only  ArticUe  (46X  (47),  (48).  (51),  (72),  (84),  (85). 

In  PART  11,  omit,  in  Chapter  IV,  QX7),  (128),  (129),  0.10);  and  in  Chapter  V,  learn  at  Jiret 
imder  eack  Problem,  only  one  or  two  of  the  eimpltr  metkode. 

In  PART  III,  omU  only  (295),  (226),  232),  (233),  (244).  (251).  (280),  (297),  (32!^ 

Tken  paee  over  PART  IV f  and  in  PART  V,  take  only  (379).  (380);  and  (391)  to  (389\ 

Tkgn  paee  over  PART  VI i  and  go  to  PART  VII,  {if  tke  etudent  kae  etudied  Trigonometry f^ 
and  omit  (423);  (431)  to  (438);  and  all  of  Copter  IV,  except  (439)  and  (440). 

PART  VIII  may  be  paeeed  over;  and  PARTS  IX  and  X  may  be  taken  in  full 

An  PART  XI,  take  aU  of  Chapter  7;  and  in  Ckaptere  II  and  HI,  take  only  tke  eUnfUr  con 
mrueHone,  not  omitting,  however,  (517).  (518)  and  (JSX). 

In  PART  XII,  take  (580),  (561),  (565)|  (566). 

Appendix  C,  o*i  LEVELLING,  may  conclude  tkie  abridged  comae. 


LMD-SURYEYIM 


PART  I. 

GENERAL   PRINCIPLES 

AND 

FUNDAMENTAL    OPERATIONS 


CHAPTER  I. 

DEFINITIOIVS  AND  METHODS. 

(1)  SuRVBTiNa  is  the  art  of  making  such  measurements  as  will 
determine  the  relative  positions  of  any  points  on  the  surface  of  the 
earth ;  so  that  a  Map  of  any  portion  of  that  surface  may  be  drawn, 
and  its  Content  calculated. 

(2)  The  position  of  a  point  is  said  to  be  determined^  when  it  is 
known  how  far  tiiat  point  is  from  one  or  more  given  points,  and  in 
what  direction  there-from ;  or  how  far  it  is  in  front  of  them  oi 
behind  them,  and  how  far  to  their  right  or  to  their  left,  &c ;  so 
that  the  place  of  the  first  point,  if  lost,  oould  be  again  found  by 
repeating  these  measurements  in  the  contrary  direction. 

The  "  pointe"  which  are  to  be  determmed  in  Surveying,  are  not 
the  mathematical  points  treated  of  in  Geometry ;  but  the  comers 
of  fences,  boundary  stones,  trees,  and  the  like,  which  are  mere 
points  in  comparison  with  the  extensive  surfaces  and  areas  which 
they  are  tiie  means  of  determining.  In  strictness,  their  centrei 
should  be  regarded  as  the  pomts  alluded  to. 


(3) '  A  Btraiglit  Line  is  "  determined,"  that  is,  haa  its  length 
and  its  position  knon-n  and  fixed,  when  the  points  at  its  extrem- 
ities are  detennined ;  and  a  plane  Surface  has  its  form  and  dimen- 
sions detennined,  when  the  ]mes  which  bound  it  are  determined, 
Consequently,  the  determination  of  the  relative  positions  of  poivi» 
ifl  all  that  13  neccsaarj  for  the  prmclpal  objects  of  Surveying ; 
which  are  to  make  a  map  of  any  surface,  such  as  a  field,  fmn, 
state,  kc,  and  to  calculate  its  content  in  square  feet,  acres,  or 
square  miles.  The  former  is  on  application  of  Drafting,  the  latter 
of  Mensuration. 

(4)  The  position  of  a  point  may  be  determined  by  a  variety  of 
methods.  Those  most  frequently  employed  in  Surveying,  are  the 
following ;  oU  the  points  being  supposed  to  be  in  the  eame  plane. 

(5)  First  Ncthodi  By  ineasuriag  t/ie  distances  from  Ute  re- 
quiredpoint  to  two  given  points. 

Thus,  in  Fig.  1,  the  pomt  S  is  "  deter-  ^''^-  ^■ 

mined,"  if  it  ia  known  to  he  one  inch  '-^  > 

from  A,  and  half  an  inch  from  B :  for,  ,'''  \ 

its  place,  if  lost,  could  bo  found  by  de-      a-^ — ^a 

scribing  two  ai-cs  of  circles,  from  A  and  B  o&  centres,  and  with  the 
^ren  distances  as  radii.  The  required  point  would  be  at  the 
intersection  of  these  arcs. 

In  applyhig  tliis  principle  in  surveying,  S  may  represent  any 
station,  such  as  a  comer  of  a  field,  an  angle  of  a  fence,  a  tree,  a 
house,  &c.  If  then  one  comer  of  a  field  be  100  feet  from  a 
second  comer,  and  50  foot  from  a  third,  the  place  of  the  first  cor- 
ner is  known  and  determined  with  refercnco  to  the  other  two. 

There  will  be  two  points  fulfilling  tlua  condition,  one  on  each  side 
of  the  given  line,  but  it  will  always  be  known  which  of  them  is  the 
one  deared. 

In  ffeographi/,  this  principle  is  employed  to  indicate  the  post- 
non  of  a  town ;  as  when  we  say  tliat  Buffalo  is  distant  (in  a  strmght 
Une)  295  miles  from  New- York,  and  390  from  Cincinnati,  and 
thus  convey  to  a  stranger  acquainted  with  only  the  last  two  placei 
a  correct  idea  of  the  position  of  the  first. 
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In  Analytieal  Geometry^  the  lines  AS  and  BS  are  known  as 
^ Focal  dhordinaUM f^  the  general  name  "coordinates"  being 
a{^ed  to  the  lines  or  an^es  which  determine  the  portion  of  a 
point. 

(6)  Sec#l4  Method.  By  measuring  the  perpendicular  di^^ 
tanee  from  the  required  point  to  a  given  line^  and  th^  distance 
thence  along  the  line  to  a  given  point. 

Thos,  in  Kg.  2,  if  the  perpendicular  dis-  Fig.  2. 

tance  SC  be  half  an  inch,  and  CA  be  one 
inch,  the  pcHnt  S  is  "determined":  for,  its 
place  coold  be  again  foond  by  measuring  (Xke 

inch  firom  A  to  C,  and  half  an  inch  from  C,    X i 

at  ri^t  angles  to  AC,  which  wonld  fix  the  point  S. 

The  PubUc  Lands  of  tfie  United  States  are  laid  out  by  this 
method,  as  will  be  explained  in  Part  XII. 

In  Geogrd^htfj  this  principle  is  employed  under  the  name  of 
Latitude  and  Longitude. 

Thus,  Philadelphia  is  one  degree  and  fifty-two  minutes  of  lon^ 
tude  east  of  Washington,  and  one  degree  and  three  minutes  of  lati- 
tude north  of  it. 

Iq  Analytical  Creometry,  the  lines  AC  and  CS  are  known  as 
^^Rectangular  QHnrdinates.**  The  point  is  there  regarded  as 
determined  by  the  intersection  of  two  Unes,  drawn  parallel  to  two 
fixed  lines,  or  ''Axes^^  and  at  a  giiyen  distance  from  them.  These 
Axe9j  in  the  present  figure,  would  be  the  line  AC,  and  another 
Iine,perpendicular  to  it  and  pasmng  through  A,  as  the  origin. 

(7)  TUri  Hetho^t  By  measuring  the  angle  between  a  given 
line  and  a  line  drawn  from  any  given  point  of  it  to  the  required 
point;  and  also  the  length  of  this  latter  line. 

Thus,  in  Fig.  3,  if  we  know  the  angle 
BAS  to  be  a  third  of  a  right  angle,  and 
AS  to  be  one  inch,  the  point  S  is  determin- 
ed ;  for,  its  place  could  be  found  by  drawing 
from  A,  a  line  making  the  given  angle  with  A' 
A6,  and  measuring  on  it  tiie  ^yen  distance. 


In  applying  this  principle  in  surveying,  S,  as  before,  may  repre- 
sent any  etation,  and  the  line  AB  may  be  a  fence,  or  auy  odiei 
real  or  imaginary  line. 

In  "  Compass  Surveying,"  it  is  a  nortli  and  Boutb  line,  the  dire<v 
tion  of  which  is  ^ven  by  the  magnetic  needle  of  the  compass. 

In  Qeograpliy,  this  principle  is  employed  to  determine  the  rela- 
tiye  poaitiona  of  places,  by  "  Bearings  and  distances  " ;  as  when  W8 
say  that  San  Francisco  is  1750  miles  nearly  due  west  from  St.  Louis ; 
the  word  "  west"  indicating  the  direction,  or  angle  which  the  lino 
joining  the  two  places  makes  with  a  north  and  south  line,  and 
the  number  of  miles  giving  the  length  of  that  line. 

In  Ancdytieal  Geometry,  the  line  AS,  and  tho  angle  BAS,  are 
called  '■'■Polar  Coordinates.'" 

(8)  Fourth  method.  By  measuring  tfte  angles  made  with  a 
given  line  hy  two  other  lines  starting  from  given  points  upon  U, 
and  passing  through  the  required  point 

Thus,  in  Fig.  4,  the  point  S  is  deter-  rig  4. 

mined  by  being  in  the  intersection  of  the  j 

two  lines  AS  and  BS,  which  make  re-  ^-^     \ 

epectively  angles  of  a  half  and  of  a  third        ,-'  \ 

of  a  right  angle  with  the  line  AB,  which    *  ~Si 

b  one  inch  long ;  for,  the  place  of  the  pobt  could  be  found,  if  lost, 
by  drawing  from  A  and  B  lines  making  with  AB  the  known  angles, 

In  Geography,  we  might  thus  fix  the  position  of  St.  Louis,  by 
saying  it  lay  nearly  due  north  from  New-Orleans,  and  due  west 
from  Washington. 

In  Analytical  Geometry,  these  two  angles  would  be  called 
"Angular  Co-ordinateB." 


(9)  In  Fig.  5,  are  shown  togctlicr  all  pj,^  5_ 

the  measurements  necessary  fordetennin- 
ing  the  same  point  S,  by  each  of  the  four 
preceding  methods.  In  the  First  Me- 
thod, we  measure  tho  distances  AS  and 
BS ;  in  the  Second  McUiod,  tho  distances  AC  and  CS,  tho  latter 
at  right  angles  to  tho  former ;  in  the  Third  Method,  tho  distance 


cnAP.  I.J  Definitions  and  Metiiods,  Id 

AS,  and  the  angle  SAB ;  and  in  the  Fourth  Method,  the  angles 
SAB  and  SBA.  In  all  these  methods  the  point  is  really  deter- 
mined by  the  intersection  of  two  lines,  either  straight  lines  or 
arcs  of  circles.  Thus,  in  the  First  Method,  it  is  determined  by 
the  intersection  of  two  circles  ;  in  the  Second,  by  the  intersection 
of  two  straight  lines  ;  in  the  Third,  by  the  intersection  of  a  straight 
Ibe  and  a  circle ;  and  in  the  Fourth,  by  the  intersection  of  two 
straight  lines. 

(10)  Fiftii  Sletiiodt  By  ineasuring  the  angles  made  with  each 
other  hy  three  lines  of  sight  passing  from  the  required  point  to 
three  points  whose  positions  are  known. 

Thus,  in  Fig.  6,  the  point  S  is  deter- 
mined by  the  angles,  ASB  and  BSC, 
made  by  the  three  lines  SA,  SB  and 
SC. 

Geographically,  the  position  of  Chi- 
cago would  be  determined  by  three 
straight  lines  passing  from  it  to  Wash- 
ington, Cincinnati,  and  Mobile,  and  mak- 
ing  known  angles  with  each  other ;  that  of  the  first  and  second 
lines  being  about  one-third,  and  that  of  the  second  and  third  lines, 
about  one-half  of  a  right  angle. 

From  the  three  lines  employed,  this  may  be  named  the  Method 
of  Trilinear  co-ordinates. 

• 

(11)  The  position  of  a  pomt  is  sometimes  determined  by  the 
intersection  of  two  lines,  which  are  themselves  determined  by  their 
extremities  being  given.  Thus,  in  Fig.  7,  ^^S-  7. 
the  point  S  is  determined  by  its  being  sit-  1 
uated  in  the  intersection  of  AB  and  CD.  .aL^  g  ^,^'" 
This  method  is  sometimes  employed  to  fix  ^ 
the  position  of  a  Station  on  a  Rail-Road  ^T  ^'iB 
line,  &c.,  when  it  occurs  in  a  place  where 
a  stake  cannot  be  driven,  such  as  in  a  pond ;  and  in  a  few  other 
cases  ;  but  is  not  used  frequently  enough  to  require  that  it  should 
be  called  a  sixth  principle  of  Surveying. 


«ENER1L  PRINCIPLES. 


[vast  I. 


(12)  These  five  methoda  of  detemuning  the  positions  of  points, 
produce  five  corresponding  systems  of  Surveying,  which  may  b« 
named  as  follows : 

I.  DIAGONAL  SURVEYING. 

n.  PERPENDICULAR  SURVEYING, 
ni.  POLAR  SURVEYING 
IV.  TRLVNGULAIt  SURVEYING. 

V.  TRILINEAR  SURVEYING. 


(18)  The  above  division  of  Surveying  lia^  been  made  in  hap- 
monj  with  tiie  principlea  involved  and  the  methoda  employed. 

The  subject  is,  however,  sometimea  divided  with  reference  to  the 
inttrumentg  employed ;  aa  the  chain,  either  alone  or  with  cross- 
staff;  the  compasa ;  the  transit  or  theodolite ;  the  sextant ;  the 
plane  table,  &c. 

(14)     Surveying  may  also  ho  divided  according  to  ita  objects. 

In  Land  Surveying,  the  content,  in  acres,  &c.,  of  the  tract  sar- 
veyed,  la  usually  tiie  principal  object  of  the  survey.  A  map, 
shoving  the  shape  of  the  property,  may  also  be  required.  Certain 
signs  on  it  may  indicate  the  different  kinds  of  culture,  &c.  This 
land  may  also  be  required  to  be  divided  iip  in  certain  proportions ; 
and  the  lines  of  diTision  may  also  be  required  to  be  set  out  on  the 
ground.  One  or  all  of  these  objects  may  be  demauded  in  Laad 
Surveying. 

In  Topographical  Surveying,  the  measurement  and  graphical 
representation  of  the  inequalities  of  tlie  ground,  or  its  *'  relief,"  \.  e. 
ita  hilla  and  hollows,  as  determined  by  the  art  of  "  Levelling,"  ia 
the  leading  object. 

In  Maritime  or  Ifydrographical  Surveying,  the  positions  of 
rocks,  shoals  and  channels  are  the  chief  subjects  of  examination. 

In  Mining  SurvejTng,  the  directions  and  dimensions  of  the  sub 
terranean  passages  of  mines  are  to  he  determined. 
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(15)  Surveying  may  also  be  divided  according  to  the  extent  of 
the  district  surveyed,  into  Plane  and  0-eodesic.  Geodesy  takes 
into  account  the  curvature  of  the  earth,  and  employs  Spherical 
Trigonometry.  Plane  Surveying  disregards  this  curvature,  as  a 
needless  refinement  except  in  very  extensive  surveys,  such  as  those 
of  a  State,  and  considers  the  surface  of  Hie  earth  as  plane,  which 
may  safely  be  done  in  surveys  of  moderate  extent. 

(18)  Land  Surveying  is  the  principal  subject  of  this  volume ; 
the  surface  surveyed  being  regarded  as  plane;  and  each  of  the 
five  Methods  being  in  turn  employed.  For  the  purposes  of  instruc- 
tion, the  subject  vnll  be  best  divided,  partly  with  reference  to  the 
Methods  employed,  and  partly  to  the  Instruments  used.  Accord- 
ingly, the  First  and  Second  Methods  (Diagonal  and  Perpendic- 
ular Surveying)  will  be  treated  of  under  the  title  "  Chain  Survey- 
ing," in  Part  II.  The  Third  Method  (Polar  Surveying)  will  be 
explained  under  the  titles  "  Compass  Surveying,'-'  Part  m,  and 
"  Tranat  and  Theodolite  Surveying,"  Part  IV.  The  Fourth  and 
Fifth  Methods  will  be  found  under  their  own  names  of  ^^  Triangu- 
lar Surveying,"  and  "  Trilmear  Surveying,"  in  Parts  V  and  VI. 

(17)  In  all  tiie  methods  of  Land  Surveying,  there  are  three 
stages  of  operation : 

1^  Measuring  certain  lines  and  angles,  and  recording  them ; 
2^  Drawing  them  on  paper  to  some  suitable  scale ; 
3^  Calcuic^ng  the  content  of  the  surface  surveyed. 
The  three  following  chapters  will  treat  of  each  of  these  topics  in 
their  turn. 


FMDAHENTAL  OPERATIONS. 


CHAPTER  IL 


MAKI\G  THE  niEASUREME\TS. 
(18)  Toe  Measurements  wliicb  are  required  in  Survejnng,  may 


be  of  lines  or  of  angles,  ( 
ployed      Each  will  be  b 


■  of  botb ;  according  to  the  Method  em- 
lessively  considered. 


MEASURING  STRAIGHT  LINES. 

(19)  The  lilies,  or  distances,  which  arc  to  be  measured,  may  be 
either  actual  or  visual. 

Actual  lines  are  such  as  really  exist  on  the  surTace  of  the  liuad 
to  be  Burveyed,  either  bounding  it,  or  crossing  it ;  such  as  fences, 
etches,  roada,  Btreams,  &c. 

Visual  lines  are  imaginary  lines  of  sigfit,  either  temporarily 
measured  on  the  ground,  such  as  those  joining  opposite  comers  oE 
a  field;  or  simply  indicated  by  stakes  at  their  extremities  or  other- 
wise.    If  long,  they  are  "  ranged  out "  by  methoda  to  be  given. 

Lines  aro  usually  measm-ed  with  chains,  tapes  or  rods,  di- 
Wded  into  yai-ds,  feet,  links,  or  some  other  unit  of  meaBiirement. 

(20)  Canter's  Chain.  Thia  is  the  measure  m<Mt  commonly 
used  in  Land  aurvojiug.  It  is  66  feet,  or  4  roda  long.*  Eighty 
Buch  chaius  make  one  mile. 


_> 


It  is  composed  of  one  hundred  pieces  of  iron  wire,  or  linka,  each 
bent  at  the  end  into  a  ring,  and  connected  with  the  ring  at  the  end 
of  the  next  piece  by  another  ring.  Sometimes  two  or  three  rings 
are  placed  between  the  links.     The  chain  is  tlien  less  liable  to 

*  This  length  wtu  clioscn  (by  Mr.  Ednsrd  Guiitcr}  becniiio  III  iqusra  chami 
nf  66  feel  make  cmc  acrf,  (an  will  be  shown  in  Cbnpter  IV,)  and  the  oam^tatiou 
uf  ireu  ii  lliaa  grenily  facilitated.  For  olber  Siirveying  purpoicj,  parlioularly 
for  Eail-rottd  work,  a  chuiii  of  100  feel  ii  i.referable.  On  llio  U.ntal  Stai™ 
Oinul  Siu'vey,  tlie  unit  of  meHSureinenl  (which  ot  lotne  fulrire  time  will  be  the 
oniveraal  one)  is  the  French  Metre,  njun)  In  3.381  f<;et,  uearly. 
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twist  and  get  entangled,  or  "  kinked."  Two  or  more  swivels  are 
abo  inserted  in  the  chain,  so  that  it  may  turn  around  without  twist- 
ing. Eyery  tenth  link  is  marked  by  a  piece  of  brass,  having  one, 
two,  three,  or  four  points,  corresponding  to  the  number  of  tens 
winch  it  marks,  counting  from  the  nearest  end  of  the  chain.*  The 
middle  or  fiftieth  link  is  marked  by  a  round  piece  of  brass. 

The  hundredth  part  of  a  chain  is  called  a  link.f  The  great 
adyantage  of  this  is,  that  since  links  are  decimal  parts,  of  a  chain, 
iiej  may  be  so  written  down,  5  chains  and  43  links  being  5.48 
chains,  and  all  the  calculations  respecting  chains  and  Imks  can  then 
be  performed  by  the  common  rules  of  decimal  Arithmetic.  Each 
fink  is  7.92  inches  long,  being  =  66  X  12  -r-  100. 

The  following  Table  will  be  found  convenient : 


CHAINS  INTO  FEET. 

CHAINS. 

FEET. 

CHAINS. 

FEET. 

0.01 

0.66 

1.00 

66. 

0.02 

1.32 

2. 

132. 

0.03 

1.98 

3. 

198. 

0.04 

2.64 

4. 

264. 

0.05 

3.80 

5. 

330. 

0.06 

3.96 

6. 

396. 

0.07 

4.62 

7. 

462. 

0.08 

5.28 

8. 

528. 

0.09 

5.94 

9. 

594. 

0.10 

6.60 

10. 

660. 

0.20 

13.20 

20. 

1320. 

0.30 

19.80 

30. 

1980. 

0.40 

26.40 

40. 

2640. 

0.50 

33.00 

50. 

3300. 

0.60 

39.60 

CO. 

3960. 

0.70 

46.20 

70. 

4620. 

0.80 

52.80 

80. 

5280. 

0.90 

59.40 

90. 

5940. 

)1.00 

66.00 

100. 

6600. 

FEET  INTO  LINKS. 

FEET. 

LINKS. 

FEET. 

LINKS. 

0.10 

0.15 

10. 

15.2 

0.20 

0.30 

15. 

22.7 

0.25 

0.38 

20. 

30.3 

0.30 

0.45 

25. 

37.9 

0.40 

0.60 

30. 

45.4 

0.50 

0.76 

33. 

50.0 

0.60 

0.91 

35. 

53.0 

0.70 

1.06 

40. 

60.6 

0.75 

1.13. 

45. 

68.2 

0.80 

1.21 

50. 

75.8 

0.90 

1.36 

55. 

83.3 

1.00 

1.62 

60. 

90.9 

2. 

3.0 

65. 

98.5 

3. 

4.5 

70. 

106.1 

4. 

6.1 

75. 

113.6 

5. 

7.6 

80. 

121.2 

6. 

9.1 

85. 

128.8 

7. 

10.6 

90. 

136.4 

8. 

12.1 

95. 

143.9 

9. 

13.6 

100. 

151.5 

•  To  prevent  the  very  common  mistake, of  calling  forty,  sixty;  or  thirty,  seventy j 
it  has  been  sn^^ested  to  make  the  11th,  Slst,  Slst  and  4l8t  links  of  brass;  which 
woold  at  once  snow  on  which  side  of  the  middle  of  the  chain  was  the  doubtful 
mark.    This  would  be  particularly  useful  in  Mining  Surveying. 

t  This  must  not  be  confounded  with  the  pieces  of  wire  which  have  the  same 
name,  since  one  of  them  is  shorter  than  the  *'  link**  used  in  calculation,  by  half  • 
ring,  or  more,  according  to  the  way  :n  which  the  chain  is  made. 

2 
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To  reduce  linli^  to  feet,  subtract  from  tbe  cumber  of  liiil:s  aa 
many  units  as  it  contsuus  bundrciia ;  multiply  tlio  remainder  hj  2 
and  divide  by  3. 

To  reduce  feet  to  links,  add  to  the  given  number  half  of  itBelf, 
and  add  one  for  each  hundred  (more  exactly,  for  each  ninety-nine) 
in  (Jie  sum. 

The  chain  is  liable  to  bo  lengthened  bj  its  rings  being  pulled 
open,  and  to  be  shortened  by  its  litiba  being  bent.  It  should  there- 
fore bo  frequently  tested  by  a  carefully-measured  length  of  66  feet, 
set  out  by  a  standard  measure  on  a  flat  surface,  such  as  the  top 
of  a  wall,  or  on  smooth  level  ground  between  tvfO  stakes,  their 
centres  being  marked  by  small  nails.  It  may  bo  left  a  little  longer 
than  the  true  length,  since  it  can  seldom  be  stretched  so  as  to  be 
perfectly  liorizontol  and  not  hang  in  a  curve,  or  be  drawn  out  in  a 
perfectly  straight  line.'  Distances  measured  with  a  perfectly 
accurate  chain  will  always  and  unavoidably  be  I'ecorded  aa  longer 
than  they  really  are.  To  ensure  tlic  chain  being  always  str^ed 
with  tlie  sarao  force,  a  spring,  like  that  of  a  spring-balance, 
is  sometimes  placed  between  one  handle  and  tlie  rest  of  the 
chain. 

If  a  line  has  been  measured  with  an  incorrect  chain,  tbo  true 
length  of  the  line  will  be  obttuned  by  multiplying  the  number  of 
chains  and  hnks  in  the  measured  dbtance  by  100,  and  dividing  by 
the  length  of  the  standard  distance,  as  given  by  measurement  of 
it  with  the  incorrect  chain.  The  proportion  here  employed  is  this ; 
As  the  length  of  the  standard  given  by  the  incorrect  chain  is  to 
the  true  length  of  the  standard,  So  is  the  length  of  the  line  given 
by  the  measurement  To  the  true  length.  Thus,  suppose  that  a 
line  has  been  measured  with  a  certain  chain,  and  found  by  it  to  be 
ten  chiuns  long,  and  that  the  chiun  is  afterwards  found  to  have  been 
so  stretched  that  the  standard  distance,  measured  by  it,  appears  to 
be  only  90  hnks  long.  The  measured  Ihie  is  therefore  longer 
tlian  it  had  been  thought  to  be,  and  its  true  length  is  obtained 
hy  multiplying  ten  by  100,  and  dividing  by  99. 

The  cliaiii  u.ifd  by  ihe  Gnverument  Sur\-i;yori  of  France,  which  i>  10  MbITm, 
omboiilhnlfii  Giinttrr's  cljain  in  leiiglli,  is  mailo  from  one-lifih  to  iwo-fiAb«  of  id 
iaoh  langEi'  ihnii  the  ilandsrd.  An  inacuurncy  of  one  fire  hundredlh  of  iu  length 
•H  11  iucliiis  on  nOuntcr's  chniii)  is  (he  uUiiaat  allowed  nut  to  vili&le  the  nirver 
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(!I)  PIliS«  Ten  iron  pins  or  "  arrows,"  usually  accompany  the 
chain.*  They  are  about  a  foot  long,  and  are  made  of  stout  iron 
wire,  sharpened  at  one  end,  and  bent  into  a  ring  at  the  other. 
Pieces  of  red  and  white  cloth  should  be  tied  to  their  heads,  so  that 
Ihey  can  be  easUy  found  m  grass,  dead  leaves,  &c. 

They  should  be  strung  on  a  ring,  which  has  a  spring  catch  te 
retain  them.  Their  usual  form  is  shown  in  Fig.  9.  f'jg-  9-  Fig.  la 
Eg.  10  shows  another  form,  made  very  large,  and  ^  ^ 

ftcrefore  very  heavy,  near  the  point,  so  that  when     jj  (p 

held  by  the  top  and  dropped,  it  may  fall  vertically. 
The  OSes  of  this  will  be  seen  presently. 


I 


(22)  On  irregular  ground,  two  stout  stakes  about 
flx  feet  long  are  needed  to  put  the  forward  chain- 
man  in  line,  and  to  enable  whichever  of  the  two  is 
lowest,  to  raise  his  end  of  the  chain  in  a  truly  vertical  line,  and  to 
strain  the  chain  straight. 

A  number  of  long  and  slender  rods  are  also  necessary  for 
"rang^g  out"  lines  between  distant  points,  in  the  manner  to  be 
explained  hereafter ;  in  Part  11,  Chapter  V. 

(23)  How  to  Chain*  Two  men  are  required ;  a  forward  chain- 
main,  and  a  hind  chain-man ;  or  leader  and  follower.  The  latter 
takes  the  handles  of  the  chain  in  his  left  hand,  and  the  chain  itself 
in  his  right  hand,  and  throws  it  out  in  the  direction  in  whicK  it  is  to 
be  drawn.  The  former  takes  a  handle  of  the  chain  and  one  pin  in 
his  right  hand,  and  the  other  pins  (and  the  staff,  if  used,)  in  his 
left  hand,  and  draws  out  the  chain.  The  follower  then  walks 
beside  it,  examining  carefully  that  it  is  not  twisted  or  bent.  He 
then  returns  to  its  hinder  end,  which  he  holds  at  the  beginning  of 
the  line  to  be  measured,  puts  his  eye  exactly  over  it,  and,  by  the 
words  "  Eight,"  "  Left,"  directs  the  leader  how  to  put  his  staff, 
or  the  pin  which  he  holds  up,  "  in  line,"  so  that  it  may  seem  to 
cover  and  hide  the  flag-staff,  or  other  object  at  the  end  of  the  line. 

*  Eleven  pins  are  sometimes  used,  one  being  of  brass.  Nine  of  iron,  with  four 
V  eight  of  brasB,  may  also  be  employed.  Their  uses  are  explained  in  Articles 
(28)  and  (24>. 
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The  leader  all  the  while  keeps  the  chain  tightly  stretched,  and  hia 
end  of  it  touching  lu3  ataff.  Every  time  he  moves  tho  chain,  he 
should  straighten  it  by  an  undulating  shake.  When  the  staff  (or 
pin)  is  at  laat  put  "in  line,"  the  follower  says  "Down."  Tha 
leader  then  put3  in  the  amglo  pin  precisely  at  the  end  of  the  chain, 
and  rephes  "  Down,"  The  follower  then  (and  never  before  hearing 
this  signal  that  the  point  is  fixed)  loosens  his  end  of  the  chain, 
retaining  it  in  his  hand.  The  leader  draws  on  the  chain,  making 
a  step  to  one  side  of  the  pin  just  set,  to  avoid  draggmg  it  out.  He 
should  keep  his  eye  steadily  on  the  object  ahead,  or,  in  a  hollow, 
should  line  hunself  approximately  by  looking  back.  The  follower 
should  count  liis  stops,  so  as  to  know  where  to  look  for  the  pin  in 
high  grass,  &c.  As  he  approaches  the  pm,  ho  caJls  "  Halt,"  On 
reaching  it,  he  holds  the  handle  of  the  cham  against  it,  pressing 
hifl  knee  against  both  to  keep  the  pin  firm.  He  then,  wifli  lua  eye 
over  the  pin,  "  lines"  the  loader  as  before.  When  the  "  Down" 
has  been  ag^n  called  by  the  follower,  and  answered  by  tlie  leader, 
tlie  former  pulls  out  the  pin  with  the  chain-hand,  and  carries  it  in 
his  other  hand,  and  they  go  on  as  before,'  Tlie  operation  is 
repeated  till  the  leader  has  arrived  at  the  end  of  &e  line,  or  baa 
put  down  all  his  pins. 

When  the  loader  has  put  down  his  tenth  pin,  he  draws  on  the 
cb^  its  length  farther,  and  after  bemg  lined,  put^  his  foot  on  the 
handle  to  keep  it  firm,  and  calls  "  Tally."  The  follower  then 
drops  hia  end  of  the  cham,  goes  up  to  the  leader  and  gives  him 
back  all  the  pins,  both  counting  them  to  make  sure  that  none  have 
been  lost.  One  pin  b  then  put  down  at  the  forward  end  of  the 
'chiun,  and  they  go  on  as  before. 

Some  Surveyors  cause  tJie  leader  to  call  "tally"  at  the  tenth 
pin,  and  then  exchange  pins ;  but  then  the  follower  has  only  ttie 
hole  made  by  the  pin,  or  some  otiier  indefinite  mark,  to  measure 
from. 

Eleven  pins  are  sometimes  preferred,  the  eleventh  being  of  brasa, 
or  otherwise  different  from  the  rest,  imd  being  used  to  mark  the 

•Whon  Bchain'i  length  wonld  end  in  «  Jltch,  pool  of  waler,ic.  mill  iho  choin- 
men  are  afraid  of  wonioK  iheir  feet,  Ihey  can  measure  pnrt  of  a  clinin,  to  the  edga 
uf  (be  wBisr,  then  iirelcE  iho  chain  acrou  it,  nnd  then  meaiuro  oiiotlier  poniou 
•fa  chaio,  la  thai  with  tlio  former  portian,  it  mo;  make  up  a  full  chain. 
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end  of  the  elevenih  chain ;  another  being  substituted  for  it  before 

the  leader  goes  on. 
The  two  chainrmen  may  change  duties  at  each  change  of  pins, 

if  tbej  are  of  equal  skill,  but  the  more  careful  and  intelligent  of 

two  laborers  should  generally  be  made  '*^  follower." 
When  the  leader  reaches  the  end  of  the  line,  he  stops,  and  holds 

ills  end  of  the  chain  against  it.  The  follower  drops  his  end  and 
coonts  the  links  beyond  the  last  pin,  noting  carefully  on  which  side 
of  die  "  fifty  "  mark  it  comes.  Each  pm  now  held  by  the  follower, 
including  the  one  in  the  ground,  represents  1  chain ;  each  time 
« tally"  has  been  called,  and  the  pins  exchanged,  represents  10 
chains,  and  the  links  just  counted  make  up  the  total  distance. 

(24)  Tallies.  In  chaining  very  long  distances,  there  is  danger 
of  miscounting  the  number  of  "tallies,"  or  tens.  To  avoid  mis- 
takes, pebbles,  &c.,  may  be  changed  from  one  pocket  into  another 
at  each  change  of  pins ;  or  bits  of  leather  on  a  cord  may  be  slip- 
ped from  one  side  to  the  other ;  or  knots  tied  on  a  string ;  but  the 
best  plan  is  the  following.  Instead  of  ten  iron  pins,  use  nine  iron 
pns,  and  four,  or  eight,  or  ten  pins  of  brass,  or  very  much  longer 
than  the  rest.  At  the  end  of  the  tenth  chain,  the  iron  pins  being 
exhausted,  a  brass  pin  is  put  down  by  the  leader.  The  follower 
then  comes  up,  and  returns  the  nine  iron  pins,  but  retains  the  brass 
one,  with  Hie  additional  advantage  of  having  this  pin  to  measure 
from.  At  the  end  of  the  twentieth  chain,  the  same  operation  is 
repeated ;  and  so  on.  When  the  measurement  of  the  line  is  com- 
pleted,  each  brass  pin  held  by  the  follower  counts  ten  chains,  and 
each  iron  pin  one,  as  before. 

(25)  Chaining  on  Slopes.  All  the  distances  employed  in 
Land-surveying  must  bo  measured  horizontally,  or  on  a  level ;  for 
reasons  to  be  ^ven  in  chapter  IV.  When  the  ground  slopes,  it  is 
therefore  necessary  to  make  certain  allowances  or  corrections.  K 
the  dope  be  gentle,  hold  the  up-hill  end  of  the  chain  on  the  ground, 
and  raise  the  down-hill  end  till  the  chain  is  level.  To  ensure  the 
devated  end  being  exactly  over  the  desired  spot,  raise  it  along  a 
staff  kept  vertical,  or  drop  a  pin  held  by  the  point  with  the  ling 
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downwards,  (if  you  have  not  the  heavy  pointed  ones  shown  in  Fig. 
10),  or,  which  is  better,  use  a  plumb-line,  A  person  standing 
beside  the  chain,  and  at  a  little  distance  from  it,  can  best  toll  if  it 
be  nearly  level.  If  the  hill  be  so  steep  that  a  whole  chiun  cannot 
be  held  up  level,  use  only  lialf  or  qnartcr  of  it  at  a  time.  Great 
care  is  necessary  in  this  operation.  To  measure  down  a  atecp  hill, 
stretch  the  whole  chain  in  line.     Hold  the  i'<?-  ii- 

npper  end  fast  on  the  ground.  Raise  up 
the  20  or  30  link-mark,  so  that  that  portion 
of  the  chain  is  level.  Drop  a  plumb-line  or 
[nn.  Then  let  the  follower  cpoe  forward 
and  hold  down  that  link  on  this  spot,  and  the  leader  hold  up  an- 
other short  portion,  as  before.  Chaining  down  a  slope  is  more 
accurate  than  chaining  up  it,  unce  in  the  latter  case  the  follower 
cannot  ea^y  place  hia  end  of  the  chain  exactly  over  the  pin. 

(26)  A  more  accurate,  though  more  troublesome,  method,  is  to 
measure  the  angle  of  the  slope ;  and  make  tlie  proper  allowance 
by  calculation,  or  by  a  table,  previously  prepared.  The  correction 
being  found,  the  chain  may  be  drawn  forward  the  proper  number 
of  links,  and  the  correct  distance  of  the  various  points  to  be  noted 
will  thus  be  obtaiaed  at  once,  without  any  subsequent  calculation 
or  reduction.  If  the  survey  is  made  ivith  the  Theodolite,  Ihc  slope 
of  the  ground  can  be  measured  directly.  A  "  Tangent  Scale,"  for 
the  same  purpose,  may  be  formed  on  the  sides  of  the  sights  of  a 
Compass.     It  will  be  described  when  that  instrument  is  expired. 


In  the  following  table,  the  first  column  contains  the  angle  which 
(he  surface  of  the  groimd  makes  with  the  horizon;  the  second 
column  contains  its  slope,  named  by  the  ratio  of  the  perpendicular 
to  the  base  ;  and  the  lliird,  the  correction  in  links  for  each  chain 
measured  on  the  slope,  i.  e.  the  difference  between  the  hypothonusc, 
which  is  the  distance  measured,  and  the  horizontal  base,  which  is 
the  distance  desired. 
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TABLE  FOR  CHAINING  ON  SLOPES. 


ANGLE. 

SLOPE. 

CORRECTION 
IN   UMKS. 

ANGLE. 

SLOPE. 

CORRECTION 
IN  LINKS. 

30 

Iinl9 

0.14 

130 

lin  4^ 

2.56 

40 

linU 

0.24 

140 

lin  4 

2.97 

5° 

linlli 

0.38 

15= 

lin4 

3.41 

6° 

lin    9^ 

0.65 

16° 

lin3| 

3.87 

70 

lin    8 

0.75 

170 

lin3i 

4.37 

8^ 

lin    7 

0.97 

18° 

IJnSJ 

4.89 

90 

lin    6^ 

1.23 

19=- 

lm3 

6.45 

10^ 

lin    6 

1.53 

20° 

lin2| 

6.03 

11° 

lin    5J 

1.84 

250 

lin2 

9.37 

120 

lin    4| 

2.19 

30° 

linlf 

13.40 

(27)  Chainiiig  is  the  fundamental  operation  in  all  kinds  oi  Sur- 
veying. It  has  for  this  reason  been  very  minutely*  detailed.  The 
"  follower"  is  the  most  responsible  person,  and  the  Surveyor  will 
best  ensure  his  accuracy  by  taking  that  place  himself.  If  he  has 
to  employ  inexperienced  laborers,  he  will  do  well  to  cause  them  to 
measure  the  distance  between  any  t^yo  points,  and  then  remeasure 
it  in  the  opposite  direction.  The  difference  of  their  t^o  results 
will  impress  on  them  the  necessity  of  great  carefulness. 

To  "  do  up"  the  chain,  take  the  middle  of  it  in  the  left  hand, 
and  with  the  right  hand  take  hold  of  the  doubled  chain  just  beyond 
the  second  link ;  double  up  the  two  links  between  your  hands, 
and  continue  to  fold  up  two  double  links  at  a  time,  laying  each  .pair 
obliquely  across  the  others,  so  that  when  it  is  all  folded  up,  the 
handles  will  be  on  the  outside,  and  the  chain  will  have  an  hour-glass 
shape,  easy  to  strap  up  and  to  carry. 


\ 


(28)  Tape*  Though  the  chain  is  most  usually  employed  for  the 
principal  measurements  of  Surveying,  a  tape-liney  divided  on  one 
side  into  links,  and  on  the  other  into  feet  and  inches,  is  more  con- 
venient for  some  purposes.  It  should  be  tested  very  frequently, 
particularly  after  getting  wet,  and  the  correct  length  marked  on  it 
at  every  ten  feet.    A  "  Metallic  Tape,"  less  liable  to  stretch,  has 
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been  recentlj  manufactured,  in  wliicb  fine  vrircs  form  its  vaip. 
Wten  the  tape  is  being  wound  up,  it  sbould  be  passed  between  two 
fingers  to  prevent  its  twisting  in  tlie  box,  which  would  make  it 
necessary  to  unscrew  its  nut  to  take  it  out  and  untwist  it.  Whila 
tn  use,  it  should  be  made  portjiblo  hy  being  foldc-il  up  hj  arm*a 
lengths,  instead  of  bemg  wound  up. 

(2fl)  Substitutes  for  a  chain  or  a  tape,  may  be  found  'm  leather 
driving  lines,  marked  off  with  a  carpenter's  rule,  or  in  a  cord  knot 
ted  at  the  length  of  every  link.  A  well  made  rope,  (such  as  a 
"patent  wove  line,"  woven  circularly  with  the  strands  always 
straight  in  the  line  of  the  strain),  when  once  well  stretched,  wetted 
and  allowed  to  dry  with  a  moderate  strain,  will  not  vary  from  a 
chain  more  tlian  one  foot  in  two  thousand,  if  carefully  used. 

(30)  Rods.  When  unusually  accurate  measurcmenta  are  re- 
quired, rods  are  employed.  They  may  be  of  well  seasoned  wood, 
of  glass,  of  iron,  kc.  They  must  bo  placed  in  line  very  carefully 
end  to  end ;  or  made  to  coincide  in  other  ways ;  us  will  be  explain- 
ed in  Part  V,  under  the  title  of  "Triangular  Surveying,"  in 
which  the  peculiarly  accurate  measurement  of  one  line  b  reqiured, 
as  all  the  others  are  founded'  upon  it. 

(81)  Pacing,  Sound,  and  other  appro-ximatc  means,  may  be 
used  for  measuring  the  length  of  a  line.  They  will  he  discussed, 
in  Part  IX.    Tlie  Stadia  is  described  in  Art.  (375.) 

(32)  A  Perambulaior,  or  "  Measuring  IVlieel,"  ia  sometimes 
used  for  measuring  distances,  particularly  Heads.  It  counts  of  a 
wheel  which  is  made  to  roll  over  the  ground  to  bo  mcaaured,  and 
whose  raotiou  is  communicated  to  a  aeries  of  toothed  wheels  within 
the  machine.  These  wheels  are  so  proportioned,  that  tho  index 
wheel  rcfpatcrs  their  revolutions,  and  records  the  whole  distance 
passed  over.  If  the  diameter  of  the  wheel  be  31 J  inches,  the  cir- 
cumference, and  therefore  eaeh  revolution,  will  he  8J  feet,  or  half 
a  rod.  The  roughnesses  of  the  road  and  tho  slopes  necessarUx, 
cause  the  registered  distances  to  exceed  the  true  measure. 


I 
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MEASURING  ANGLES. 

(S)  The  angle  made  by  any  two  lines,  that  is,  the  difference 
of  iiieir  directions,  is  measured  by  various  instruments,  consisting 
eneniially  of  a  circle  divided  into  equal  parts,  with  plain  sights,  or 
telescopes,  to  indicate  the  directions  of  the  two  lines. 

As  the  measurement  of  angles  is  not  required  for  ^^  Chain  Sur- 
Tepg,"  which  is  the  first  Method  to  be  discussed,  the  considerar 
tkm  of  this  kind  of  measurement  will  be  postponed  to  Part  m. 

NOTING  THE  MEASUREMENTS. 
(S4)  The  measurements  which  have  been  made,  whether  of 
lines,  or  of  angles,  require  to  be  very  carefully  noted  and  recorded. 
Qeamess  and  brevity  are  the  points  desired.  Different  methods 
of  notation  are  required  for  each  of  the  systems  of  surveying  which 
arc  to  be  explained,  and  will  therefore  be  given  in  their  appropriate 
daces. 


CHAPTER  III. 


DRAWING  THE  MAP. 


(35)  A  Map  of  a  survey  represents  the  lines  which  bound  the 
sar£Eu;e  surveyed,  and  the  objects  upon  it,  such  as  fences,  roads, 
rivers,  houses,  woods,  hills,  &c.,  in  their  true  relative  dimensions 
and  positions.  It  is  a  miniature  copy  of  the  field,  farm,  &c.,  as  it 
woold  be  seen  by  an  eye  moving  over  it ;  or  as  it  would  appear,  if 
from  every  point  of  its  irregular  surface,  plumb  lines  were  dropped 
to  a  level  surface  under  it,  forming  what  is  called  in  geometrical 
langoage,  its  ?ioriz(mtal  projection. 

(X)  Platting.  A  plat  of  a  survey  is  a  skeleton,  or  outline 
map.  It  is  a  figure  ^'  similar"  to  the  original,  having  all  its  angles 
equal,  and  its  sides  proportional.  Every  inch  on  it  represents  a 
foot,  a  yard,  a  rod,  a  mile,  or  some  other  length,  on  the  ground ; 
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all  the  measured  distances  being  i^minished  in  exactly  the  samn 
ratio. 


I 


PUTTINO  w  repeating  on  paper,  to  a  smaller  scale,  the  mea 
turements  u-hieJi  Juioe  been  made  07i  the  ground. 

Ita  various  operationa  may  therefore  be  reduced,  in  accordance 
with  tbe  principles  cstablisbed  in  tJie 
first  chapter,  to  two,  va :  drawing 
a  straight  line  in  a  given  direction 
and  of  a  ^vcn  lengtli ;  and  describ- 
ing an  arc  of  a  circle  with  a  radius 
wboao  length  is  also  given.  The 
only  instruments  absolutely  necessary  for  this,  are  a  straight  ruler, 
and  a  piur  of  "  dividers,"  or  "  compasses."  Others,  however,  arc 
often  convenient,  and  will  be  now  briefly  noticed. 

(J7)  S(ralg:hl  Lines.    These  are  usually  drawn  by  the  aid  of  a 

straightKjdged  ruler.  But  to  obtain  a  very  long  straight  line  upon 
paper,  stretch  a  fine  silk  thread  between  any  two  distant  points, 
and  mark  in  its  line  various  points,  near  enough  together  to  ba 
afterwards  connected  by  a  common  ruler.  The  thread  may  also 
be  blackened  with  burnt  cork,  and  snapped  on  the  paper,  as  a 
carpenter  snaps  his  chalk  line ;  but  this  is  hablc  to  inaccuracies, 
from  not  raising  the  line  vertically. 

(38)  Arcs.  The  arcs  of  circles  used  in  fixing  the  position  of  a 
poiat  on  paper,  are  usually  described  with  compasses,  one  leg  of 
which  carries  a  pencil  pomt.  A  convenient  substitute  is  a  strip 
of  pasteboard,  through  one  end  of  which  a  fine  needle  is  thrust  into 
the  given  centre,  and  through  a  hole  in  which,  at  the  desired  dis- 
tance, a  pencil  point  is  passed,  and  can  thus  describe  a  circle  about 
the  centre,  the  pasteboard  keeping  it  always  at  the  proper  distance. 
A  string  is  a  still  readier,  bnt  less  accurate,  instnmient, 

(39)  Parallels.  Tlie  readiest  mode  of  drawing  parallel  lines 
is  by  the  aid  of  a  triangular  piece  of  wood  and  a  ruler.     Let  AB 
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Fig.  14. 


be  the  line  to  which  a  parallel  is  to 
be  drawn,  and  C  the  point  through 
wUcli  it  must  pass.    Place  one 
aide  of  the  triangle  against  the 
line,  and  place  the  ruler  agamst 
aoodier  side  of  the  triangle.    Hold 
the  ruler  firm  and  immovable,  and 
slide  Ae  triangle  along  it  till  the  side  of  the  triangle  which  had  coin- 
cided with  the  ^ven  line,  passes  through  the  given  point.     This 
ade  will  then  be  parallel  to  that  given  line,  and  a  line  drawn  by 
h  will  be  the  line  required. 

Another  easy  method  of  drawing  parallels,  is  by  means  of  a  T 
square,  an  instrument  very  valuable  for  many  other  purposes.    It 
is  nothing  but  a  ruler  let  into  a  thicker  piece  of  wood,  very  truly 
at  right  angles  to  it.    For  this  use  of  it,  one  side  of  the  cross-piece 
must  be  even,  or  "  flush,"  with  the  ruler.     To  use  it,  lay  it  on  the 
paper  so  that  one  edge  of  the 
roler  coincides  with  the  ^ven  line 
AB.    Place  another  ruler  against 
the  cross-piece,  hold  it  firm,  and 
slide  the  T  square  along,  till  its 
edge  passes  through  the  g^ven 
point  C,  as  shown  by  the  lower 
part  of  the  figure.    Then  draw 
by  this  edge  the  desired  line  paral- 
lel to  the  ^ven  line. 

(40)  Perpendiculars.  These  may  be  drawn  by  the  various 
problems  pven  in  Geometry,  but  more  readily  by  a  triangle  which 
has  one  right  angle.  Place  the  longest 
side  of  the  triangle  on  the  ^ven  line, 
and  place  a  ruler  against  a  second  side 
of  the  trian^e.  Hold  the  ruler  fast, 
and  turn  the  triangle  so  as  to  bring  its 
third  fflde  against  the  ruler.  Then  will 
the  long  side  be  perpendicular  to  the 
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given  line.  By  sliding  the  triangle  along  the  mler,  it  may  b« 
used  to  draw  a  perpendicular  from  any  point  of  the  line,  or  from 
any  point  to  the  line. 

(41)  Angles.  These  are  uost  easily  set  out  with  an  instru- 
ment called  a  Protractor,  usually  a  eemi-circle  of  brass.  But  iiie 
description  of  its  use,  and  of  the  other  and  more  accurate  modes 
of  laying  off  angles,  will  be  postponed  till  they  are  needed  in  Bart 
m,  Chapter  IV. 

(42)  Drawing  lo  Scale<  The  operation  of  drawing  on  paper 
lines  whose  length  shall  be  a  half,  a  quarter,  a  tenth,  or  any  other 
fraction,  of  the  lines  measured  on  the  ground,  is  called  "  Drawing 
to  Scale." 

To  set  off  on  a  line  any  given  distance  to  any  reqmred  scale, 
determine  the  number  of  chains  or  links  which  each  division  of 
the  scale  of  equal  parts  shall  represent.  Divide  the  given  distance 
by  this  number.  The  quotient  will  be  the  number  of  equal  parta 
to  bo  taken  in  the  dividers  and  to  he  set  off. 

For  example,  auppoao  the  scale  of  equal  parts  to  be  a  commtm 
carpenter's  rule,  divided  into  inches  and  eighths.  Let  the  given 
distance  be  twelve  chams,  which  is  to  bo  drawn  to  a  scale  of 
two  chajns  to  an  inch.  Then  six  inches  will  be  the  distance  to  be 
act  off.  If  the  givcu  distance  had  been  twelve  chains  and  seventy 
five  links,  the  distance  to  be  set  off  would  have  been  six  inches 
and  three-eighths,  since  each  eighth  of  an  inch  rcpreseufa  25  links. 

If  the  desired  scale  were  three  chains  to  an  inch,  each 
eighth  of  an  inch  would  represent  S7^  links ;  and  the  distance 
of  1275  linjM  would  be  represented  by  tliirty-four  ei^tha  of  an  inch, 
or  41  inches. 

A  similar  process  will  ^ve  the  correct  length  to  be  set  off  for 
any  distance  to  any  scale. 

If  the  ecrJe  used  had  been  divided  into  inches  and  tenths,  as  is 
much  the  most  convenient,  the  above  distances  would  have  become 
on  the  former  scale  Bj'y'j  inches,  or  nearly  6jj  inches ;  and  on  the 
tatter  scale  4-^aa  inches,  coming  midway  between  the  2d  and  Sd 
tenth  of  an  inch. 
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(4S)  Canverselt/y  to  find  the  real  length,  of  a  line  drawn  on 
paper  to  any  known  scale,  reverse  the  preceding  operation.  Take 
the  length  of  the  line  in  the  dividers,  apply  it  to  the  scale,  and 
count  how  many  equal  parts  it  includes.  Multiply  their  number 
by  the  number  of  chains  or  links  which  each  represents,  and  the 
product  will  be  the  desired  length  of  the  line  on  the  ground. 

This  operation  and  the  preceding  one  are  greatly  facilitated  by 
the  use  of  the  scales  to  be  described  in  Art.  (48) 

(44)  Scales.  The  choice  of  the  scale  to  which  a  plat  should  be 
drawn,  that  is,  how  many  times  smaller  its  lines  shall  be  than  those 
which  have  been  measured  on  the  ground,  is  determined  by  several 
considerations.  The  chief  one  is,  that  it  shall  be  just  large  enough 
to  express  clearly  all  the  details  which  it  is  desirable  to  know.  A 
Farm  Survey  would  require  its  plat  to  show  every  field  and  build- 
ing. A  State  Survey  would  show  only  the  towns,  rivers,  and  lead- 
ing roads.  The  size  of  the  paper  at  hand  will  also  limit  the  scale 
to  be  adopted.  If  the  content  is  to  be  calculated  from  the  plat, 
that  will  forbid  it  to  be  less  than  3  chains  to  1  inch. 

Scales  are  named  in  various  ways.  Tfiey  sTiouId  always  be 
expreBsed  fractionally ;  L  e.  they  should  be  so  named  as  to  indicate 
what  fractional  part  of  the  real  line  measured  on  the  ground,  the 
representative  line  drawn  on  the  paper,  actually  is.  When  custom 
requires  a  different  way  of  naming  the  scale,  both  should  be  ^ven. 
It  would  be  still  better,  if  the  denominator  could  always  be  some 
power  of  10,  or  at  least  some  multiple  of  2  and  5,  such  as  ^J^j, 
nnnr*  7uV(f>  T^y  ^^*  ^^^  convenience  in  printing,  these  may  be 
written  thus :  1 :  500, 1 :  1000, 1 :  2000, 1 :  2500,  &c. 

Plats  'of  Farm  Surveys  are  usually  named  as  being  so  many 
chains  to  an  inch. 

Maps  of  Surveys  of  States  are  generally  named  as  being  made 
to  a  scale  of  so  many  miles  to  an  inch. 

Maps  of  JRaiJrroad  Surveys  are  said  to  be  so  many  feet  to  an 
inch,  or  so  many  inches  to  a  mile. 

(45)  Farm  Sarreys.  If  these  are  of  small  extent,  two  chains 
to  one  inch  (which  is  =  ^^^^^  =  1^4^^- 1^84)  is  convenient 
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A  scale  of  one  chun  to  one  inch  (1 :  792)  is  useful  for  plana  of  build 
ings.  Three  chune  to  one  inch  (1:2376)  is  suitable  for  larger 
flums.  It  is  tiie  scale  prescribed  hj  the  English  Tithe  Conimis- 
sioncra  for  tbeir  first  class  maps. 

In  France,  the  Cadattre  Surveys  ire  lithographed  on  a  scale 
about  equivalent  to  tlua,  being  1 :  2500.  The  ori|pual  plans  are 
drawn  to  a  scale  of  1:5000.  Flans  for  the  division  of  property 
are  made  on  the  former  scale.  When  the  disbict  exceeds  3000 
acres,  the  scale  is  1 :  10,000.  When  it  exceeds  7,500  acres,  tlie 
scale  is  1:20,000.  A.  common  scale  in  Franco  for  small  surreja 
isl:1000;  about  1^  chfuns  to  1  inch.' 
■Fig.  IS. 
OME  ACRE      


on  SCALE  or  1  • 


0 

The  choice  of  the  most  suitable  scale  for  the  plat  of  a  &rm  sor- 
vey,  may  be  facilitated  by  the  Figure  ^ven  above,  which  shows 
the  actual  space  occupied  by  one  acre,  (the  customary  unit  of  land 
measure),  laid  out  in  the  form  of  a  square,  on  maps  drawn  to  the 
Tarions  scales  named  in  the  figure. 
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(16)  State  Smreys.     On  these  surveys,  smaller  scales  are 

necessanlj  employed. 
On  the  admirable   United  States  Coast  Survey,  aU  the  scales 

are  expressed  fractionally  and  decimally.     '^  The  surveys  are 

generadly  platted  originally  on  a  scale  of  one  to  ten  or  tweniy  thou- 

nod,  but  in  some  instances  the  scale  is  larger  or  smaUer. 
These  ori^nal  surveys  are  reduced  for  engraving  and  publica- 

tioD,aQd  when  issued,  are  embraced  in  three  general  classes.     1^, 

aoall  Harbor  charts ;  2Py  charts  of  Bays,  Sounds,  and  3^,  of  the 

Coast  General  Charts. 
The  scales  of  the  first  class  vary  from  1 :  10,000  to  1 :  60,000, 

according  to  the  nature  of  the  Harbor  and  the  diiferent  objects  to 
be  represented. 

Where  there  are  many  shoals,  rocks,  or  other  objects,  as  in 
Nantucket  Harbor  and  HeU-Gate,  or  where  the  importance  of  the 
harbor  makes  it  .necessary,  a  larger  scale  of  1 : 5,000, 1 :  10,000, 
and  1 :  20,000  is  used.  But  where,  from  the  size  of  the  harbor, 
or  its  ease  of  access,  a  smaller  one  will  point  out  every  danger  with 
sufficient  exactness,  the  scales  of  1:40,000  and  1:60,000  are 
used,  as  in  the  case  of  New-Bedford  Harbor,  Cat  and  Ship  Island 
Harbor,  New-Haven,  &c. 

The  scale  of  the  second  class,  in  consequence  of  the  large  areas 
to  be  represented,  is  usually  fixed  at  1: 80,000,  as  in  the  case  of 
New-York  Bay,  Delaware  Bay  and  River.  Preliminary  charts, 
however,  are  issued,  of  various  scales  from  1 :  80,000  to  1 :  200,000. 

Of  the  third  class,  the  scale  is  fixed  at  1:400,000,  for  the 
General  Chart  of  the  Coast  from  Gay  Head  to  Cape  Henlopen, 
although  considerations  of  the  pro^dmity  and  importance  of  points 
on  the  coast,  may  change  the  scales  of  charts  of  other  portions  of 
our  extended  coast."* 

The  National  Survey  of  Oreat  Britain  is  called,  from  the  corps 
employed  on  it,  the  "  Ordnance  Survey." 

The  "  Ordnance  Survey"  of  the  southern  counties  of  England 
was  platted  on  a  scale  of  2  inches  to  1  mile,  (1:31,680),  and 
reduced  for  publication  to  that  of  one  inch  to  a  mile,  (1: 63,360). 
The  scale  of  6  mches  to  a  mile  (1 :  10,560)  was  adopted  for  the 

•  Communicated  from  the  U.  S.  Coast  Survey  office. 
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northern  counties  of  EDgland  and  for  the  southern  counties  of  Scot- 
land. Tho  same  scale  was  employed  for  platting  and  engraving  in 
outline  the  "Ordnance  Bur\-ey"  of  Ireland.  But  a  map  on  a 
scale  of  1  inch  to  1  mile  (1 :  63,360)  is  ahout  to  be  published,  the 
former  scale  rendering  the  maps  too  unwieldy  and  cumbrous  for 
consultation. 

The  Ordnance  Survey  of  Scotland  was  at  firat  platted  on  a  scale 
of  sis  inches  to  one  mile,  (1:10,560).  That  scale  has  since  been 
abandoned,  and  it  is  now  platted  on  a  scale  of  two  mcbea  to  1  nule, 
(1 :  31,680),  and  the  general  maps  are  made  to  only  half  that  scale. 

The  Ordnance  Sun-ey  scale  for  the  maps  of  London  and  other 
large  towns,  is  5  feet  to  1  mile,  (1 :  1056),  or  1^  chains  to  one  inch. 

In  the  "  Surveys  under  the  Public  Health  act"  of  England, 
the  scale  for  the  general  plan  is  two  feet  to  one  mile,  (1:2,640)  ; 
and  for  the  detailed  plan,  ten  feet  per  mile,  (1 :  528),  or  two-thinfe 
of  a  chain  per  inch. 

The  Government  Survey  of  France  is  platted  to  a  scale  of 
1:20,000.  Copies  are  made  to  1:40,000;  and  the  maps  are 
engraved  to  a  scale  of  1 :  80,000,  or  about  \  inch  to  1  mile. 

Cassini's  famous  map  of  France  was  on  a  scale  of  1 :  86,400. 

The  French  War  Department  employ  the  scales  of  1 :  10,000 ; 
1 :  20,000 ;  1 :  40,000 ;  and  1 :  80,000  ;  for  the  topography  of 
France. 

(47)  Bail-road  Surveys.  For  these  the  New-York  General 
Rail-road  Law  of  1850  directs  the  scale  of  maps  which  are  to  be 
filed  in  the  State  Engineer's  Office,  to  be  five  hundred  feet  to  one- 
tenth  of  a  foot,  (=1:5000.) 

For  the  New- York  Canal  Maps  a  scale  of  2  chaios  to  1  inch 
(1 :  1584)  is  employed. 

The  Parhamentary  "  standmg  ordera"  prescribe  the  plans  of 
Raii-roads,  prepared  for  Parhamentary  purposes,  to  be  made  on  a 
scale  of  not  less  than  4  inches  to  the  mile,  (1 :  15840) :  and  the 
enlarged  portions  (as  of  gardens,  court^yards,  &c.)  to  be  on  a  scale 
not  smaller  than  400  feet  to  the  inch,  (1 :  4800.)  Accordingly 
the  practice  of  English  Ilailway  En^ecrs  is  ta  draw  the  whole 
plan  to  a  scale  of  6  chains,  or  396  feet  to  the  inch,  (1 :  4752)  aa 
being  just  within  the  Parhamentary  hmits. 
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In  France,  the  En^oers  of  "  Bridges  and  Roads"  (Corps  dea 
Fonts  et  Chaussees)  employ  for  the  general  plan  of  a  road  a  scale 
of  1 :  6000,  and  for  appropriations  1 :  500. 

(48)  In  the  United  States  Engineer  service,  the  following  scalei 
are  prescribed : 

GeDcral  plans  of  buildiogt,  1  inch  to  10  feet,  (1;120). 

Maps  of  ground,  with  horizontal  carves  one  foot  apart,  1  inch  to  50  feet,  (1  iCOO) 

Topographical  maps,  one  mile  and  a  half  sqaare,  2  feet  to  one  mile,  (1 : 2,640) 

Do.  comprising  three  miles  square,  1  foot  to  one  mile,  (1 : 5,280). 

Do.  between  four  and  eight  miles  square,  6  inches  to  one  mile,  (1 :  10,560). 

Do.  comprising  nine  miles  square,  4  inches  to  one  mile,  (1 :  15,840). 

Maps  not«exceeding  24  miles  square,  2  inches  to  one  mile,  (1 :  31,680). 

Maps  comprising  50  miles  square,  1  inch  to  one  inile,  (1: 63,360). 

Maps  comprising  100  miles  square,  ^  inch  to  one  mile,  (1: 126,720.) 

Surveys  of  Roads,  Canals,  &c.,  1  inch  to  50  feet,  (1:600). 

(49)  The  most  convenient  scales  of  equal  parts  are  those  of  box- 
wood, or  ivory,  which  have  a  fiducial  or  feather  edge,  along  which 
they  are  divided,  so  that  distances  can  be  at  once  marked  off  from 
this  edge,  without  requiring  to  be  taken  off  with  the  dividers  ;  or 
the  length  of  a  ^ven  line  can  be  at  once  read  off.  Box-wood  is 
preferable  to  ivory  as  much  less  liable  to  warp,  or  to  vary  in  length 
with  changes  in  the  moisture  in  the  air. 

The  student  can,  however,  make  for  himself  platting  scales  ol 
drawing  paper,  or  Bristol  board.  Cut  a  straight  strip  of  this  mate- 
rial, about  an  inch  wide.     Draw  a  line  through  its  middle,  and  set 
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off  on  it  a  number  of  equal  parts,  each  representing  a  chain  to  the 
desired  scale.  Sub-divide  the  left  hand  division  into  ten  equal 
parts,  each  of  which  will  therefore  repre?ent  ten  links  to  this  scale. 
Through  each  point  of  division  on  the  central  line,  draw  (with 
the  T  square)  perpendiculars  extending  to  the  edges,  and  the 
scale  is  made.  It  explams  itself.  Th.o  above  figure  is  a  scale  of 
2  chains  to  1  inch.     On  it  the  distance  220  Imks  would  extend 
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between  the  arrow-heads  above  the  line  in  the  figure ;  560  links 
extends  between  the  lower  arrow-heads,  &c. 

A  paper  scale  has  the  great  advantage  of  varying  less  from 
a  plat  which  has  been  made  by  it,  in  consequence  of  changes 
in  the  weather,  than  any  other.  The  mean  of  many  trials 
showed  the  diflference  between  such  a  scale  and  drawing  paper, 
when  exposed  alternately  to  the  damp  open  atmosphere,  and  to  the 
air  of  a  warm  dry  room,  to  be  equal  to  .005,  while  that  between 
box-wood  scales  and  the  paper  was  .012,  or  nearly  2^  times. as 
much.     The  diflference  with  ivory  would  have  been  even  greater. 

Some  of  the  more  usual  platting  scales  are  here  given  in 
their  actual  dimensions. 

In  these  five  figures,  diflferent  methods  of  drawing  the  scales 
have  been  given,  but  each  method  may  be  applied  to  any  scale. 
The  first  and  second,  being  the  most  simple,  are  generally  the  best. 
In  the  third  the  subdivisions  are  made  by  a  diagonal  line :  the 
distances  between  the  various  pairs  of  arrow  heads,  beginning  with 
the  uppermost,  are,  respectively,  310,  540,  and  270  links. 
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18.     Scale  of  1  chain  to  1  inch. 
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Fig.  20.     Scale  of  3  chains  to  1  inch. 
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In  the  fourth  figure  the  distances  between  the  arrow  heads  are 
respectively  310,  270,  and  540  links. 

Fig.  21.     Scale  of  4  chains  to  1  inch. 
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In  the  fifth  figure  the  scale  of  5  chains  to  1  inch  is  subdivided 
diagooaUy  to  only  every  quarter  chain,  or  25  links.  The  distance 
between  the  upper  pair  of  arrow-heads  on  it  is  12  J  chains,  or  12.25 ; 
between  the  next  pair  of  arrow-lieads,  it  is  6.50 ;  and  between  the 
lower  pair,  14.75. 

Fig.  22.     Scale  of  5  ehatuM  to  1  inch. 
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A  diagonal  scale  for  dividing  an  inch,  or  a  half  inch,  into  100 
equal  parts,  is  found  on  the  '^  Plain  scale''  in  every  case  of  instru- 
ments. 


(5C)  Yemlcr  ScalCt  This  is  an  ingenious  substitute  for  the 
diagonal  scale.  The  one  given  in  the  following  figure  divides  an 
inch  into  100  equal  parts,  and  if  each  inch  bo  supposed  to  represent 
a  chain,  it  gives  single  hnks. 


Fig.  23. 
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Make  a  scale  of  an  inch  divided  into  tenths,  as  in  the  upper 
scale  of  the  above  figure.  Take  in  the  dividers  eleven  of  these 
divisions,  and  set  off  this  distance  from  the  0  of  the  scale  to  the 
left  of  it.  Divide  the  distance  thus  set  off  into  10  equal  parts. 
Each  of  them  will  be  one  tenth  of  eleven  tenths  of  one  inch ;  i.  e. 
eleven  hundredths,  or  a  tenth  and  a  hundredth,  and  the  first  di- 
vision on  the  short,  or  vernier  scale,  will  overlap,  or  be  longer  than 
the  first  division  on  the  long  scale,  by  just  one  hundredth  of  an 
inch ;  the  second  division  will  overlap  ttco  hundredths,  and  so  on. 
The  principle  will  be  more  fully  developed  in  treating  of  "  Verniers," 
Part  IV,  Chapter  II. 

Xow  suppose  we  wish  to  take  off  from  this  scale  275  hundredth.'? 
of  an  inch.  To  get  the  last  figure,  we  must  take  five  divisions  on 
the  lower  scale,  which  will  be  55  hundredths,  for  the  reason  just 
pvcn.     220  will  remain  which  are  to  be  taken  from  the  upper 
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scale,  and  die  entire  number  ivUl  be  obtained  at  once  b;  extending" 
the  dividers  between  tbc  arrow-heads  in  the  figure  from  220  on  tlie 
upper  scale  (moasming  along  its  lower  side)  to  55  on  the  lower  scale, 
254  would  extend  from  210  on  the  upper  scale  to  44  on  the  lower. 
318  would  extend  from  230  on  the  upper  scale  to  88  on  the  lower. 
Always  begin  then  with  subtracting  11  times  the  last  figure  from 
the  ^ven  number ;  find  the  remainders  on  the  upper  seale,  and 
the  number  subtracted  on  the  lower  scale, 


(51)  A  plat  ia  sometimoa  made  by  a  r.cmuially  reduced  scale 

in  the  following  manner.  Suppose  tbat  the  scale  of  the  plat  la  to 
be  ten  cbiuna  to  one  inch,  and  that  a  diagonal  scale  of  inches,  di\ided 
into  tenths  and  hundredths,  is  the  only  one  at  hand.  By  dividing 
all  the  distances  by  ten,  this  scale  can  then  be  used  without  any 
further  reduction.  But  if  the  content  ia  measured  from  the  plat 
to  the  same  scale,  in  the  manner  eitplained  in  the  next  chapter,  the 
result  must  be  multiphcd  by  10  times  10.  Tliis  is  called  by  old 
Surveyors  "  Raising  the  scale,"  or  "  Restoring  true  measure." 

(52)  Sectoral  Scales.     The  Sectoi;   (called  by  the  French 

"  Compass  of  Proportion"},  J3  an  instrument  sometimes  convenient 
for  obtaining  a  scale  of  equal  parts.  It  is  in  two  portions,  tunung 
on  a  hinge,  like  a  carpenter's  pocket  rule.  It  contains  a  great 
number  of  scales,  but  the  one  intended  for  this  use  is  lettered  ai  its 
ends  L  in  English  instruments,  and  counts  of  two  lines  runiun^ 
from  the  centre  to  the  ends  of  the  scale,  and  each  divided  into  ten 
equal  parta,  each  of  which  ia  agtun  subdivided  into  10,  so  that  each 
leg  of  the  scale  contains  100  ^'e-  '*■ 

equal  parts.  To  illustrate 
its  use,  suppose  that  a  scale 
of  7  chains  to  1  inch  ia  re- 
quired. Take  1  inch  in  the 
dividers,  and  open  the  sec- 
tor till  this  distance  will  just 
reach  from  the  T  on  one  log 
to  the  7  on  the  other.  The 
sector  ia  then  "«fi"  for  this 
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scale,  and  the  angle  of  its  opening  must  not  be  again  chaLged. 
Now  let  a  distance  of  580  links  be  required.  .  Open  the  dividers 
tin  tliej  reach  from  58  to  58  on  the  two  legs,  as  in  the  dotted  line 
in  the  figure,  and  it  is  the  required  distance.  Again,  suppose  that 
a  scale  of  2^  chains  to  one  inch  is  desired.  Open  the  sector  so 
that  1  inch  shall  extend  from  25  to  25.  Any  other  scale  may  be 
obtamed  in  the  same  manner. 

C(Biyersely,  the  length  of  any  known  line  to  any  desired  scale 
can  thus  be  readily  determined. 

(53)  Whatever  scale  may  be  adopted  for  platting  the  survey,  it 
should  be  drawn  on  the  map,  both  for  convenience  of  reference, 
and  in  order  that  the  contraction  and  expansion,  caused  by  changes 
in  the  quantity  of  moisture  in  the  atmosphere,  may  affect  the  scale 
and  the  map  alike.     When  the  drawing  paper  has  been  wet  and 
glued  to  a  board,  and  cut  off  when  the  map  is  completed,  its  con- 
tractions have  been  found  by  many  observations  to  average  from 
one-fourth  to  one-half  per  cent,  on  a  scale  of  8  chains  to  an  inch, 
(1:2376),  which  would  therefore  require  an  allowance  of  from 
one-half  perch  to  one  perch  per  acre. 

A  scale  made  as  directed  in  Art.  (49),  if  used  to  make  a  plat 
OD  unstretched  paper,  and  then  kept  with  the  plat,  will  answer 
nearly  the  same  purpose. 

Such  a  scale  may  be  attached  to  a  map,  by  slipping  it  through 
two  or  three  cuts  in  the  lower  part  of  the  sheet,  and  will  be  a  very 
convenient  substitute  for  a  pair  of  dividers  in  measuring  any  dis- 
tance upon  it. 

(54)  Scale  omlttedt  It  may  be  required  to  find  the  unknown 
scale  to  wluch  a  ^ven  map  has  been  drawn,  its  superficial  content 
being  known.  Assume  any  convenient  scale,  measure  the  lines 
of  the  map  by  it,  and  find  the  content  by  the  methods  to  be  ^ven 
in  the  next  chapter,  proceeding  as  if  the  assumed  scale  were  the 
true  one.  Then  make  this  proportion,  founded  on  the  geometrical 
principle  that  the  areas  of  similar  figures  are  as  the  squares  of  their 
corresponding  sides :  As  the  content  found  Is  to  the  given  content 
So  is  the  square  of  the  assumed  scale  To  the  square  of  the  true  scale. 
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CHAPTER  IV. 

CiLCVLiTINC  THE  CONTENT. 

(55)  The  Context  of  a  piece  of  ground  is  Its  superficial  area^ 
or  the  number  of  square  feet,  yards,  acres,  or  miles  Trhich  it 
contains. 


Fig.  25. 


(56)  Horizontal  Measaremeiit.  All  ground,  however  inclined 
or  uneven  its  surface  may  be,  should  be  measured  horizontally,  or 
as  if  brought  down  to  a  horizontal  plane,  so  that  the  surface  of  a 
hill,  thus  measured,  would  give  the  same  content  as  the  level  base 
on  which  it  may  be  supposed  to  stand,  or  as  the  figure  which  would 
be  formed  on  a  level  surface  beneath  it  by  dropping  plumb  lines 
from  every  point  of  it. 

This  method  of  procedure  is  required  for  both  Geometrical  and 
Social  reasons. 

Q-eometricallyy  it  is  plain  that  this  horizontal  measurement  is 
absolutely  necessary  for  the  purpose  of  obtaining  a  correct  plat. 
In  Fig.  25,  let  ABCD,  and  BCEF, 
be  two  square  lots  of  ground,  platted 
horizontally.  Suppose  the  ground  to 
slope  m  all  directions  from  the  point 
C,  which  is  the  summit  of  a  hill. 
Then  the  lines  BC,  DC,  measured  on 
the  slept,  are  longer  than  if  measur- 
ed on  a  level,  and  the  field  ABCD, 
of  Fig.  25,  platted  with  these  long 
Imes,  would  take  the  shape  ABGD 
in  Fig.  20 ;  and  the  field  BCEF, 
of  Fig.  25,  would  become  BHEF  of 
Fig.  26.  The  two  adjoining  fields  would  thus  overlap  each  other ; 
and  the  same  diflScuIty  would  occur  in  every  case  of  platting  any 
kwo  adjoining  fields  by  the  measurements  made  on  the  slope. 
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Let  us  suppose  another  case,  Fig.  27.  Fig.  28. 

more  sample  than  would  ever  oc- 
cur in  practice,  that  of  a  three- 
aded  field,  of  equal  sides  and 
composed  of  three  portions  each 
doping  down  uniformly,  (at  the 
rate  of  one  to  one)  from  one  point  in  the  centre,  as  in  Kg.  27. 
Each  slope  being  accurately  platted,  the  three  could  not  come 
together,  but  would  be  separated  as  in  Fig.  28. 

We  have  here  taken  the  most  simple  cases,  those  of  uniform 
slopes.  But  with  the  common  irregularities  of  uneven  ground,  to 
meMore  its  actual  surface  would  not  only  be  improper,  but  impos- 


In  the  Social  aspect  of  this'question,  the  horizontal  measurement 
is  justified  by  the  fact  thatjio  more  houses  can  be  built  on  a  hill 
than  could  be  built  on  its  flat  base ;  and  that  no  more  trees,  com, 
OT  other  plants,  which'  shoot  up  vertically,  can  grow  on  it ;  as  is 
represented  by  the  vertical  lines  in  the  f"'--  29. 

Kgore.*    Even  if  a  side  hill  should  pro- 
duce more  of  certain  creeping  plants,  the 
increased  difliculty  in  their  cultivatioa  might  perhaps  balance  this. 
For  this  reason  the  surface  of  the  soil  thus  measured  is  sometimes 
called  the  productive  hose  of  the  ground. 
Again,  a  piece  of  land  containing  a  hill  and  a  hollow,  if  measured 

cttihe  surface  would  give  a  larger  content  than  it  would  after  the 

hollow  hai  been  filled  up  by  the  hill,  while  it  would  yet  really  be 

of  greata*  value  than  before. 
Horizontal  measurement  is  called  the  "  Method  of  Cultellation," 

and  Superficial  measurement,  the  "  Method  of  Developement."t 
An  act  of  the  State  of  New-York  prescribes  that  "  The  acre,  for 

land  measure,  shall  be  measured  horizontallv-" 

*  This  qaestion  is  more  than  two  thousand  years  old,  for  Polybius  writes, 
"Some  even  of  those  who  are  employed  in  the  administration  of  states,  or  placed 
at  the  head  of  armies,  imagine  that  uneaual  and  hilly  ground  will  contain  moro 
hodses  than  a  surface  which  is  flat  and  level.  This,  however,  is  not  the  truth. 
For  the  houses  being  raised  in  a  vertical  line,  form  nght  angles,  not  with  the  de- 
clivity of  the  ground,  but  with  the  flat  surface  which  lies  below,  and  npon  which 
the  hilli  themselves  also  stand.'* 

t  The  foi-mer  from  CuUellum,  a  knife,  as  if  the  hills  were  sliced  off;  the  lattei 
io  named  because  it  strips  off  or  unfolds,  as  it  were,  the  surface. 
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(57)  Unit  of  Content.  Tho  Ac}  e  ia  the  unit  of  land-measure- 
ment.  It  contaiTiS  4  Roods.  A  Itood  contains  40  Perches.  A 
Perch  ia  a  square  Rod ;  otherwise  called  a  Perch,  or  Pole.  A 
Rod  is  5J  yards,  or  16J  feet. 

Hence,  1  acre  =  4  Roods  ^  160  Perches  =  4,840  aqilnre 
jrards  ^  43,560  square  feet. 

One  square  mile  =  5280  X  5280  feet  =  640  acres. 

Since  a  chain  is  GG  feet  long,  a  square  chain  contains  435G 
square  feet ;  and  consequently  ten  square  chains  make  one  acre* 

In  different  parts  of  England,  the  acre  varies  gi'catjy.  The 
statute  acre,  as  in  the  United  States,  contains  160  square  perches ' 
of  1G§  feet,  or  43,560  square  feet.  The  acre  of  Devonshire  and 
Somersetshire,  contains  160  perches  of  15  feet,  or  36,000  square 
feet.  The  acre  of  Cornwall  is  160  perches  of  18  feet,  or  51,840 
square  feet.  Tho  acre  of  Lancasiiiro  is  160  perches  of  21  feet,  or 
70,560  square  feet.  The  acre  of  Cheshire  ojid  Staffordshire,  ia 
160  perches  of  24  feet,  or  92,160  square  feet.  The  acre  of  Wilt- 
sliiro  is  120  perches  of  16J  feet,  or  82,670  square  feet.  The  acre 
in  Scotland  consists  of  10  square  chiuna,  each  of  74  feet,  and  there- 
fore contains  54,760  square  feet.  The  acre  in  Ireland  is  tbe 
same  as  the  Lancashire.     The  chain  is  84  feet  long. 

Tlie  French  units  of  land-measure  are  the  Are  ^  100  sqnare 
Metres,  =  0.0247  aero,  =  one  fortieth  of  an  acre,  nearly ;  and  the 
ffeetare  ^lOQ  Ares  ^2.41  acres,  or  nearly  two  and  a  half. 
Their  old  land-meaaurea  were  tho  "  Arpcnt  of  Paris,"  containing 
3G,800  square  feet;  and  the  "  Arpent  of  Waters  and  Wootls," 
eontmning  55,000  square  feet. 


(fi8)  When  tlie  content  of  a  piece  of  land  (obtfuned  by  any  of 
the  methods  to  be  explained  presently)  is  ^ven  in  square  links,  as 
b  customary,  cut  off  four  figures  on  the  right,  (i.  e.  divide  by 
10,000),  to  get  it  into  square  chiuna  and  decimal  parts  of  a  chain ; 
cut  off  the  right  hand  figure  of  the  square  chains,  and  the  reman- 
ing figures  will  be  Acres.  Multiply  the  remainder  by  4,  and  the 
figure,  if  any,  outside  of  the  new  decimal  pomt  will  be  Hoods. 
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Moltiplj  Hie  remainder  b;  40,  and  the  out^de  figures  nill  be 
Perehet.    The  neareat  round  number  is  usually  taken  for  tbe 
Perches ;  fractions  less  than  a  half  perch  being  disregarded.* 
Thus,  86.22  square  chains  =8  Acres  2  Boods  20  Perches. 


64.1818 

do. 

=  6  A. 

IR. 

27  P. 

M.7564 

do. 

=  4  A. 

IK. 

20  P. 

71.1055 

do. 

—  7  A. 

OK. 

18  P. 

82.60 

do. 

=  8  A. 

IE. 

OP. 

8.250 

do. 

=  0A. 

3K. 

12  P. 

0.8260 

do. 

=  0A. 

OK. 

ISP. 

(St)  The  following  Table  ^ves  by  mere  inspection  the  Boods 
tad  Perches  correaponding  to  the  Decimal  parts  of  an  Acre.  It 
explains  itself. 


I 

R0OB9. 

KOOOS. 

I'.rchfi, 

0 

1 

2   1   3 

■  0 

1    1    2    1    3 

- 

.000 

.260 

.600 

.750 

+  0 

.131 

.381 

,631 

.881 

+21 

.006 

.256 

.500 

,750 

+  1 

.137 

,387 

,637 

.887 

+22 

.012 

.262 

,512 

,762 

+  2 

.144 

,394 

,644 

.894 

+23 

.019 

.266 

.519 

.709 

+  3 

.160 

.400 

.650 

.900 

+24 

.025 

.276 

.525 

.775 

+  4 

.150 

.406 

.056 

.900 

+25 

\ 

.031 

.281 

.631 

.781 

+  6 

.162 

412 

.662 

.912 

+26 

II 

.087 

.287 

.637 

.787 

+  6 

.169 

419 

.669 

.919 

+27 

.041 

.294 

.644 

.794 

+  7 

.176 

.425 

.676 

.925 

+28 

t! 

.050 

.300 

.550 

.800 

+  8 

.181 

.431 

.681 

.931 

+29 

.050 

.306 

.666 

.806 

+  9 

s 

.187 

-437 

.687 

.937 

+30 

1 

.062 

.312 

.662 

.812 

+10 

.194 

.444 

.694 

.944 

+31 

.069 

.319 

.669 

.819 

+11 

.200 

.450 

.700 

.960 

+  32 

1 

.075 

.325 

.676 

.825 

+  12 

: 

.206 

.466 

.706 

.966 

+  33 

: 

.OSI 

.331 

.681 

,831 

+13 

.212 

,462 

,712 

.902 

+  S4 

a 

.087 

.337 

.687 

,837 

+14 

c 

.219 

,469 

,719 

.909 

+35 

-OM 

.341 

,694 

.841 

+  15 

.225 

,475 

,726 

.975 

+36 

.100 

.350 

,600 

.850 

+1.; 

.231 

,481 

,731 

.981 

+  37 

.106 

.356 

,006 

.856 

+  17 

.237 

,487 

.737 

,987 

+38 

.112 

.362 

.612 

.862 

+1S 

.244 

494 

.744 

,994 

+30 

,119 

.309 

.619 

.869 

+11' 

.260 

,500 

,750 

1,000 

+40 

,125 

.376 

.625 

-876 

+2(1 

iZJ 

(I0>  CbalD  Correction.  When  a  survey  has  been  made,  and 
die  plat  has  been  drawn,  and  the  content  calculated ;  and  aflei^ 

*  To  redoca  iqnare  jarda  to  aerei,  instead  of  dividing  bj  4B40,  it  is  eatiet,  and 
wry  Dearly  correct,  to  muUipIy  by  S,  cat  off  four  figuvpj,  and  add  to  thii  product 
nKKbird  of  one-teiiih  of  itself. 
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wards  the  chain  is  found  to  have  been  incorrect,  too  short  or  too 
long,  the  true  content  of  the  land,  may  be  found  by  this  proportion : 
As  the  square  of  the  length  of  the  standard  given  by  the  incorrect 
chain  Isto^e  square  of  the  true  length  of  the  standard  So  is  the  cal< 
culated  content  To  the  true  content.  Thus,  suppose  that  the  chain 
used  had  been  so  stretched  that  the  standard  distance  measured  by 
it  appears  to  bo  only  99  links  long ;  and  that  a  square  field  had 
been  measured  by  it,  each  side  containing  10  of  these  long  chains, 
and  that  it  had  been  so  platted.  This  plat,  and  therefore  the  con- 
tent calculated  from  it,  will  be  smaller  than  it  should  be,  and  tlie 
correct  content  will  be  found  by  the  proportion  99  ^  :  100  ^  :  :  100 
sq.  chains  :  102.03  square  chains.  If  the  chain  had  been 
stretched  so  as  to  be  101  true  links  long,  as  found  by  comparing 
it  with  a  correct  chain,  the  content  would  be  ^ven  by  this  propor- 
tion: 100^  :  101^  : :  100  square  chains  :  102.01  square  chains. 
In  the  former  case,  the  elongation  of  the  chain  was  1^^  true  links ; 
and  100^  :  (101^)=  : :  100  square  chains  :  102.03  square 
chsdns. 

(61)  Boundary  Lines.  The  lines  which  are  to  be  considered 
as  bounding  the  land  to  be  surveyed,  are  often  very  uncertain, 
unless  specified  by  the  title  deeds. 

If  the  boundary  be  a  brook,  the  middle  of  it  is  usually  the  boun- 
dary line.  On  tide-waters,  the  land  is  usually  considered  to  extend 
to  low  water  mark. 

Where  hedges  and  ditches  are  the  boundaries  of  fields,  as  is 
almost  universally  the  case  in  England,  the  dividing  line  is  gene- 
rally the  top  edge  of  the  ditch  farthest  from  the  hedge,  both  hedge 
and  ditch  belonging  to  the  field  on  the  hedge  side.  This  varies, 
however,  with  the  customs  of  the  locality.  From  three  to  six  feet 
from  the  roots  of  the  quickwood  of  the  hedges  are  allowed  for  the 
ditches. 
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METHODS   OF  CALCULATION. 

(It)  The  yarious  methods  employed  in  calculating  the  content 
of  a  jnece  of  ground,  may  be  reduced  to  four,  which  may  be  called 
Ariikmetiealj  Geometrical^  Instrumental^  and  Trigonometrical, 

(6)  FIRST  METHOD.— ARITHIHETICALLr.  From  direH 
muHrements  of  the  necessary  lines  on  the  ground. 

The  figures  to  be  calculated  by  this  method  may  be  either  the 
abpes  of  the  fields  which  are  measured,  or  those  into  which  the 
Mds  can  be  divided  by  measuring  various  lines  across  them. 

The  familiar  rules  of  mensuration  for  the  principal  figures  which 
occur  in  practice,  will  be  now  briefly  enunciated. 

((i)  Rectangles.  If  the  piece  of  ground  be  rectangular  in 
du^,  its  content  is  found  by  multiplying  its  length  by  its  breadth. 

(IS)  Triangles.  When  the  given  quantities  are  one  side  of  a 
triaogle  and  the  perpendicular  distance  to  it  from  the  opposite 
an^e ;  the  content  of  the  triangle  is  equal  to  half  the  product  of 
the  nde  and  the  perpendicular. 

When  the  ^ven  quantities  are  the  three  sides  of  the  triangle ; 
add  together  the  three  sides  and  divide  the  sum  by  2 ;  from  this 
half  sum  subtract  each  of  the  three  sides  in  turn ;  multiply  together 
the  half  sum  and  the  three  remainders ;  take  the  square  root  of  the 
product ;  it  is  the  content  required.  If  the  sides  of  the  triangle 
be  designated  by  a,  5,  c^  and  their  sum  by  «,  this  rule  will  give  its 


*  When  two  sides  of  a  triangle,  and  the  incladed                    Fig.  30. 
in^Ie  are  given,  it«  content  equals  half  the  product                                 3 
of  Its  sides  into  the  sine  of  the  included  angle.     De-                          ^"""'TV 
lignating  the  ancles  of  the  triangle  by  the  capital                  ^y^     \  \ 
letters  A,B,C,  ana  the  sides  opposite  them  by  the  cor-           ^^^^  \ 

responding  small  letters  a,i,c,  the  area  =»  ||  ^  sin.  A.      m^"'^ '■        Xg 

When  one  side  of  a  triangle  and  the  adjacent  an-  P 

fries  are  given,  its  content  equals  the  square  of  the  given  side  multiplied  by  the 
sines  of  each  of  the  given  angles,  and  divided  by  twice  the  sine  of  the  sum  of 

•in.  B  .  ein.  C 
these  angles.     Using  the  same  symbols  as  before,  the  area  Bsa3   ggj^^  (b  +  C) 

When  the  three  angles  of  a  triangle  and  its  altitude  are  given,  its  area,  referring 

•in.  B 
to  the  above  figure,  «  }  BOa  .  SuTTIilc" 
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(66)  Parallelograms ;  or  fouMided  figures  whose  oppoeite 
aides  are  paraliol.  Tho  content  of  a  ParaLelogram  equals  the 
product  of  one  of  its  sides  by  the  perpendicular  distance  between  it 
and  the  eidc  parallel  to  it. 

(67)  Tr»liezoidS}  or  four-sided  figm«a,  tiro  opposite  sidea  of 
wliich  are  parallel.  The  content  of  a  Trapezoid  equals  half  the 
product  of  the  sum  of  the  parallel  sides  by  the  perpendicular  dis- 
tance between  them. 

If  the  given  quantities  are  the  four  aides  a,  b,  c,  d,  of  whidi  h 
and  d  ar6 parallel;  then, making  q^\(a  +  h-\-  o — (2),&eaiea 

of  the  trapezoid  will  =  |^/[|/  (?— a)  (?— c)  (?— J  +  d)-]* 

(68)  Qnadrilalerals,  or  Trapeziams ;  four-aided  figures,  none 

of  whose  sides  are  parallel. 

A  very  gross  error,  often  committed  as  to  this  figure,  ia  to  take 
the  average,  or  half  sum  of  its  opposite  aides,  and  multiply  them 
together  for  the  area :  thus,  assuming  the  trapezium  to  bo  eqmva- 
lent  to  a  rectangle  with  these  averages  for  sides. 

In  practical  surveying,  it  is  usual  to  measure  a  line  acrosa  it 
from  comer  to  comer,  thus  diriding  it  into  two  triangles,  whose 
Bides  are  known,  and  which  can  therefore  be  calculated  by  Art.(65).t 


*  When  Iwi)  parallel  aiilr^s,  b  bcli]  d,  and  a  ibl 
DQgle,  C,  %vliich  l)iii  ibird  lids  mnkei  with  a 
nmteiit  of  l!ie  trapezoy—iti .  o  .  «iu.  C. 

1  What  Ilea  oppaiile  lidet,  end  all  the  angla  are  gtim,  take  one  aule  and  iu  nd- 
JBCCUl  aualpi,  (nr  Iheir  mipplemKnts,  wlien  iheir  sum  eiceedi  180°),  CDiuidBr 
tlieui  a»  liclonging  lo  a  tnangle,  and  find  iU  area  by  Hie  Becond  forranla  in  tho 
iinte  an  page  43.  Do  the  >ame  wirh  the  olht^r  aide  aad  ila  adjacent  aaglea.  The 
difference  of  the  two  areu  will  bo  tbo  area  of  llie  quadrilateral. 

Wkeit  Arte  ndii  and  Ihiir  lira  ineliided  mgla  orogiven.mulliply  together  the  riiN) 
of  one  given  anple  and  iti  adjacent  aides.  Do  Iha  aatue  with  the  sIdo  of  the  other 
girea  angle  anil  ila  adjacent  aidea.  Mnltiply  tagathrr  ibe  two  oppoaile  ride*  and 
the  aine  of  tho  snpptemeat  of  the  aam  of  the  given  angles.  Add  together  tho  £rat 
two  pi'odacla.  aud  add  alaa  the  laat  product,  if  the  aum  of  the  given  anglei  il 
more  than  180°,  or  aitblract  it  if  Ihi>  auni  be  Icai,  and  lake  half  the  reanlt.  Oalt 
ing  the  given  >idps,  p,  q,  r  ;  and  the  angle  between  p  and  ;  =  A  ;  and  the  sd^ 
between  a  and  r  =  B  ;  the  area  of  the  quadrilateral 

=  ltP-g-»in- A  +  q.r.  ain.  B  ±  p.r.  ain.  ("ISO"  —  A  —  B)]. 

Wlun  the  four  tidet  and  the  mm  of  onji  lico  oppoiite  aigUt  are  girv^,  proceed 
Ibua;  Take  half  tbo  aiica  of  the  four  giv^n  aidea,  and  from  it  auhtmct  each  ■{(!■ 
in  turn  Multiply  together  the  foar  reraninden,  and  reserve  the  product.  Mat- 
liplji  loguthcr  itie  funr  aiiles.  Take  haW  iheir  product,  and  niutliiily  it  by  ihe 
(jBine  of  liic  given  auin  of  the  angles  incroaaed  by  unity.     Regard  Ihe  sign  of 


CHAP,  nr.] 


Caknlatingr  the  Conteit. 


45 


(H)  Suffacei  hounded  by  irregularly  curved  lines.  The  roles 
foriliese  will  be  more  appropriately  given  in  connection  with  the 
garreys  which  measure  the  necessary  lines ;  as  explained  in  Part 

n,  Chap.  m. 

(»)  SECOND  METHOD.— GEONEIRICALLT.  F^'om  mech 
twrmtfnts  of  the  necessary  lines  upon  the  plat. 

(71)  DiTlsioii  into  Triangles.  The  plat  of  a  piece  of  ground 
having  been  drawn  from  the  measurements  made  by  any  of  the 
meihods  which  will  be  hereafter  explained,  lines  may  be  drawn 
npoQ  ilie  plat  so  as  to  divide  it  into  a  number  of  triai^gles.     Four 


Fig.  31. 


Fig.  32. 


Fig.  33. 


Fig.  34. 


waj8  of  doing  this  are  shown  in  the  figures :  viz.  by  drawing  lines 
fiom  one  comer  to  the  other  comers ;  from  a  point  in  one  of  the 
aides  to  the  comers ;  from  a  point  inside  of  the  figure  to  the  cor- 
ners; and  from  various  comers  to  other  comers.  The  last  method 
is  Qsoally  the  best.  The  lines  ought  to  be  drawn  so  as  to  make 
the  triangles  as  nearly  equilateral  as  possible,  for  the  reasons  given 
in  Party. 

One  side  of  each  of  these  triangles,  and  the  length  of  the  per- 
pendicular let  ML  upon  it,  being  then  measured,  as  directed  in 
Art.  (430  ^^  content  of  these  triangles  can  be  at  once  obtained 
by  multiplying  their  base  by  their  altitude,  and  dividing  by  two. 

The  easiest  method  of  getting  the  length  of  the  perpendicular, 
without  actually  drawing  it,  is,  to  set  one  point  of  the  dividers 
at  the  angle  from  which  a  perpendicular  is  to  be  let  fall,  and  to 

the  oosine.  Subtract  this  product  from  the  reserved  product,  and  take  tiie  square 
root  of  the  remainder.    It  wiU  bo  the  area  of  the  quadrilateral 

When  the  four  tides,  and  the  angle  of  inierseetiem  of  the  diagonals  of  the  quadru4h 
tend  are  given ;  square  each  side ;  add  together  the  squares  of  the  opposite 
sides;  take  the  difference  of  the  two  sums;  multiply  it  by  the  tangent  of  the 
angle  of  intersection,  and  divide  by  four.    The  quotient  will  be  the  area. 

When  the  diagonals  of  the  quadrilateral,  and  their  included  angle  are  given^  mul- 
tiply together  the  two  diagonals  and  the  sine  of  their  included  angle,  afad 
divide  by  two.     The  quotient  wiU  be  the  are» 
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open  and  sliut  tlteir  legs  till  an  arc  described  by  the  other  point 
will  just  touch  the  opposite  side. 

Otherwise ;  a.  platting  acale,  (described  in  Art,  (19)  may  be 
placed  ao  that  the  zero  point  of  iU  edge  coincides  with  the  angle, 
and  ono  of  its  cross  linos  coincides  with  the  side  to  which  a  peqjen-  ■ 
dlcular  is  to  he  drawn.     The  length  of  the  perpendicular  can  then 
at  once  he  read  off. 

The  method  of  dividing  the  plat  into  triangles  is  the  one  most 
commonly  employed  by  snrvoyora  for  obtaining  the  content  of  a 
survey,  because  of  the  Biniplicity  of  the  calculations  required.  Its 
correctness,  however,  is  dependant  on  the  accuracy  of  the  plat, 
and  on  its  scale,  which  should  be  as  large  as  possible.  Three 
chains  to  an  inch  is  the  smallest  scale  allowed  by  the  English 
Tithe  Commissioners  for  plats  from  which  Uie  content  is  to  be 
determined. 

Ill  calcidating  in  this  way  the  content  of  a  farm,  and  also  of  ita 
separate  fields,  the  sum  of  the  latter  ought  to  equal  the  former. 
A  difference  of  one  three-hundredth  (j^if)  is  considered  allowable. 

Some  surveyors  measure  the  perpendiculars  of  the  triangles  by 
a  scale  half  of  that  to  which  the  plat  is  made.  Thus,  if  the  scale 
of  the  plat  be  2  chains  to  the  inch,  the  perpendiculars  are  mea- 
sured with  a  scale  of  one  chain  to  the  incli.  The  product  of  the 
base  by  the  perpendicular  thus  measured,  gives  the  area  of  the 
triangle  at  once,  without  ita  requiring  to  be  divided  by  two. 

Another  way  of  attaining  the  same  end,  with  less  danger  of  mis- 
taies,  is,  to  construct  a  new  scale  of  equal  parts,  longer  than  those 
by  which  the  plat  was  made  in  the  ratio  ^/'2:l  ;  or  1.414:1. 
When  the  base  and  perpendicular  of  a  triangle  are  measured  by 
this  new  scale  and  then  multiplied  together,  Uie  product  will  be 
the  content  of  the  triangle,  without  any  divbion  by  two.  In  this 
method  there  is  the  additional  advantage  of  the  greater  size  and 
consequent  greater  distinctness  of  the  scale. 

AVhen  the  measurement  of  a  plat  is  made  some  time  after  it  has 
boon  drawn,  the  paper  will  very  probably  have  contracted  Oi 
expanded  so  that  the  scale  used  will  not  exactly  apply.  In  that 
case  a  correction  is  necessary.  Measure  very  precisely  the  present 
length  of  some  line  on  the  piat,of  known  length  originally.     Then 
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mil;e  Qiis  proportioii :  Aa  the  square  of  the  preeeat  length  of  thu 
line  /i  to  the  square  of  its  original  length,  iSo  is  the  content  obtain 
ed  by  the  present  measurement  To  the  true  content. 

(71)  graphical  Maltiplication.  Prepare  a  dtnp  of  drawing 
yt^T,  of  a  width  exactly  equal  to  two  chains  on  the  scale  of  the 
j^ ;  i.  e.  one  inch  wide,  as  in  the  figure,  for  a  scale  of  two  chains 

to  I  inch ;  two-thirds  of  an  inch  wide  for  a  scale  of  S  cluuns ;  half 
n  inch  for  4  chains ;  and  bo  on.  Draw  perpendicular  lines  across 
tfae  paper  at  disbmces  representing  one-tenth  of  a  chain  on  the  scale 
<tf  the  triangle  to  be  measured,  thus  making  a  platting  scale.  Apply 
it  to  the  triangle  so  that  one  edge  of  the  scale  shall  pass  through 
<ne  comer,  A,  of  the  triangle,  and  the  other  edge  through  imother 

Fig.  33. 


ttmer,  B ;  and  note  very  precisely  what  diviaons  of  the  scale  ore 

tt  these  points.     Then  slide  the  scale  in  such  a  way  that  the 

potntB  of  Qie  scale  which  had  coincided  with  A  and  B,  shall  always 

remain  on  the  line  BA  produced,  till  the  edge  arrives  at  the  point 

C.    Then  will  A'C,  that  is,  the  distance,  or  number  of  divisions  on 

the  scale,  from  tlie  point  to  which  the  dTvision  A  on  the  scale  has 

amved,  to  the  third  comer  of  the  trinngle,  express  the  area  of  the 

hiimgle  ABC  in  square  ch^ns.* 

'For,  rrom  C  drnw  •  parallel  Co  A6,  meeting  the  eilsn  orilie  icBle  in  C'<  axtA 
dnw  CB.  Theo  the  eiren  Iriangle  ABO  —  ABO'.  Bill  llio  area  uf  ibia  laat 
iriinile  >.  AC  multiplieij  b;  half  the  width  of  the  •calc,  i.  e.  —  AC  X  1  —  AC. 
Bol,  Wiaie  of  the  pDralleli,  A'C  =-  AC.  Therefore  the  area  of  Ihe  given  trian- 
|le  ABC  •-  A'O  I.  e.  it  ii  M|ua1  in  Mguare  chaina  to  the  numher  of  linear  chain! 
mJ  off  rrom  the  tcale.    Thia  ingenioua  operalion  ii  due  to  U.  Courinerj. 
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(73)  DlTlsloi  iBto  Trapezoids.  A  line  may  be  drawn  acron 
the  field,  as  in  Fig.  36,  and  perpen- 
diculars drawn  to  it.  The  field  will  , 
thus  be  divided  into  trapezoids,  (ex- 
cepting a  triangle  at  each  end), 
and  their  content  can  be  calculated 
by  Art.  (67). 

Othei^isQ  ;  a  line  maj  be  drawn 
outrade  of  the  figure,  and  per^ 
pendiculars  to  it  bo  drawn  from 
each  angle.  In  that  case  the 
difference  between  the  trapezoids 
formed  by  lines  drawn  to  the 
ouf«r  angles  of  the  figure,  and 
those  drawn  to  the  inner  angles, 
will  be  the  content. 

Tlus  method  is  very  advantageously  applied  to  surveys  by  die 
compass ;  as  will  bo  expired  in  Part  HI,  Chap.  "VT. 


(74)  DlFlslOB  Into  Sqnares.    Two  seta  of  parallel  linea,  at 

right  angles  to  each  other,  pj     gg 

one  chMn  apart  (to  the  scale 
of  the  plat)  may  be  drawn 
over  the  plat,  so  as  to  divide 
it  into  squares,  as  in  tlie 
figure.  The  number  of 
squares  wluch  Call  within  the 
plat  represent  so  many  square 
chains ;  and  the  triangles  and 
trapezoids  which  fall  outdde 
of  these,  may  then  he  calcu- 
lated and  added  to  the  entire  square  chiuns  which  have  beeo 
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Instead  of  drawing  the  parallel  lines  on  the  plat,  they  may  bet- 
ter be  drawn  on  a  piece  of  transparent  "  tracing  paper,"  which  ia 
edmply  Itud  upon  the  pUt,  and  the  squares  counted  as  before. ,  The 


oBiF.iT.]  Cakolatiig  tke  Content.  49 

same  p^r  will  answer  for  any  number  of  plats  drawn  to  tlie  same 
scale.  This  method  is  a  yaluable  and  easy  check  on  the  results  of 
other  calculations. 

To  calculate  the  fractional  parts,  prepare  a  piece  of  tracing 
p^)er,  or  horn,  by  drawing  on  it  one  square  of  the  same  size  as  a 
sqpure  of  the  plat,  and  subdividing  it,  by  two  sets  of  ten  parallels  at 
ri^t  angles  to  each  other,  into  hundredths.  This  will  measure  the 
fiaciions  remaining  from  the  former  measurement,  as  nearly  as  can 


(15)  MTislon  Into  Parallelograms.    Draw  a  series  of  paral- 

lellines  across  the  plat  at  equal  distances  depending  on  the  scale. 

Thus,  for  a  plat  made  to  a  scale  of  2  chains  to  1  inch,  tlie  distance 

between  the  parallels  should  be  2^  inches ;  for  a  scale  of  3  chains 

tol  mch,  1^  inch ;  for  a  scale  of  4  chains  to  1  inch,  §  inch ;  for 

a  scale  of  5  ch^ns  to  1  inch,  j^^  inch ;  and  for  any  scale,  make  the 

distance  between  the  parallels  that  fraction  of  an  inch  which  would 

be  expressed  by  10  divided  by  the  square  of  the  number  of  chains 

to  the  inch.     Then  apply  a  common  inch  scale,  divided  on  the 

edge  into  tenths,  to  these  parallels ;  and  every  inch  in  length  of 

the  spaces  included  between  each  pair  of  them  will  be  an  acre,  and 

ereiy  tenth  of  an  inch  will  be  a  square  chsdn.* 

To  measure  the  triangles  at  the  ends  of  the  strips  between  the 

paraDels,  prepare  a  piece  of  transparent  horn,  or  stout  tracing 

paper,  of  a  width  equal' to  the  width  between  the  parallels,  and 

draw  a  line  through  its  middle  lon^tudinally.    Apply  it  to  the 

oblique  line  at  the  end  of  the  space  between    F|g'  39. 

two  parallels,  and  it  will  bisect  the  line,  and 

thus  reduce  the  triangle  to  an  equivalent 

rectangle,  as  at  A  in  the  figure.    When  an 

an^e  occurs  between  two  parallels,  as  at  B 

in  the  figure,  the  fractional  part  may  be 

measured  by  any  of  the  preceding  methods. 

•  For,  calling  the  number  of  chaini  to  the  inch,  «=  n,  and  making  the  width  be 
tweeo  the  parallela  — r  iach,  this  width  will  represent  —  X  »  =  — chains ;  and 

lithe  inch  length  representift  chains,  their  product,—  X  nslO  square  chaioff 
■•lacre. 
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A  somewhat  Bimilax  method  is  much  used  by  some  surveyora, 
Ijarticularly  in  Ireland :  the  plat  being  made  on  a  scale  of  5  chains 
to  1  inch,  parallel  hnes  being  drawn  on  it,  half  an  inch  apart,  and 
the  distances  along  the  parallels  being  measured  by  a  scale,  each 
large  division  of  which  ia  y^  inch  in  lengtli.  Each  division  of  this 
scale  indicates  an  aero ;  for  it  represents  4  chains,  and  the  distance 
between  the  parallels  is  2^  chains.  This  scale  is  called  the  "  Scfde 
of  Acres."' 


(7(i>  AddlHon  of  Widths.  'When  the  lines  of  the  plat  are  very 
irregularly  curved,  as  in  the  Kig.  4o. 

figure,  draw  across  it  a  nuut- 
ber  of  equi-distant  lines  as  near 
together  as  the  case  may  seem 
to  require.  Take  a  straight- 
edged  piece  of  paper,  and  apply  one  edge  of  it  to  the  middle  of 
the  first  space,  and  mark  its  length  from  oue  end ;  apply  the  same 
edge  to  the  middle  of  the  next  space,  bringmg  the  mark  just  made 
to  one  end,  and  making  another  mark  at  tlie  end  of  the  additional 
length ;  so  go  on,  adding  the  length  of  each  space  to  the  previous 
ones.  "When  all  have  been  thus  measured,  the  total  length,  mul- 
tiphed  by  the  uniform  width,  will  give  the  content. 

(77)  TOIRD  METHOD.— I.VSTRCMEMALLY.     By  pcrfom^- 

ing  certain  instruinenial  operations  on  (lie  plat. 

(78)  Meduction  of  a  many  sided  figure  to  a  tingle  equivalent 
'Wangle.  Any  plane  figure  bounded  by  strmght  Imes  may  be 
reduced  to  a  single  triangle,  which  shall  have  the  same  content. 
This  can  be  done  by  any  instrument  for  drawing  parallel  lines, 
such  as  those  described  in  Art.  Fir.  K. 

(89),  Let  the  trapezium,  or 
four  sided  figure,  shown  in  Fig. 
41,  be  required  to  be  reduced 
to  a  single  equivalent  triangle. 
Produce  one  aide  of  the  figure, 

Bs  4 1.     Draw  a  line  from 

the  first  to  the  third  angle  of 
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the  figure.  From  the  second  angle  draw  a  parallel  to  the  line  just 
diam,  cutting  the  produced  side  in  a  point  V.  From  the  point  1' 
draw  a  line  to  the  third  angle.  A  triangle  (1'  —  3  —  4  in  the 
figure)  will  thus  be  formed,  which  will  be  equivalent  to  the  original 
tnpeciim.* 

IDie  content  of  this  final  triangle  can  then  be  found  by  measur- 
ing its  perpendicular,  and  taking  half  the  product  of  tMs  perpendi- 
cular by  the  base,  as  in  the  first  paragraph  of  Art.  (65). 

(71)  Let  the  g^ven  figure  have  five  sides,  as  in  Hg.  42.  For 
brenij,  the  angles  ^  ig*  ^^' 

of  the  figure  will  be 
named  as  numbered 
in  ihe  engraving. 
Produce  5  —  1. 
Joinl — 3.  From 
2  draw  a  parallel  to 
1—3,  cutting  the 
produced  base  in  1'.  Join  V  —  4.  From  3  draw  a  parallel  to  it, 
cutting  the  base  in  2'.  Join  2'  —  4.  Then  will  the  triangle 
2'-"4 — 5  be  equivalent  to  the  five  sided  figure  1 — 2 — 3 — 4 — 5, 
lor  sunilar  reasons  to  those  of  the  preceding  case. 


(M)  Let  the  given  figure  be  1 — 2 — 3 — 4 


5 


■6—7—8, 

M  shown  in  Kg.  43,  given  at  the  top  of  the  following  page.  All 
tbe  operations  are  shown  by  dotted  lines,  and  the  finally  resulting 
trian^e  6' — 7: — 8,  is  equivalent  to  the  original  figure  of  eight 


It  is  best,  in  choosing  the  side  to  be  produced,  to  take  one  which 
lias  a  long  side  adjoining  it  on  the  end  not  produced ;  so  that  this 
long  side  may  form  one  side  of  the  final  triangle,  the  base  of  which 
wiD  therefore  be  shorter,  and  will  not  be  cut  so  acutely  by  the 
final  Ime  drawn,  as  to  make  the  point  of  intersection  too  indefinite. 


*  Fir,  the  triangle  1—2 — 3  taken  away  from  the  original  figure  is  equivalent 
to  the  triangle  1' — 1 — 3  added  to  it ;  because  both  these  triangles  have  the  tame 
base  and  also  the  same  altitude,  since  the  yertices  of  both  lie  in  the  same  line 
parallel  to  the  base.  '' 
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(81)  General  Rule.  When  the  given  figure  has  many  mdes, 
with  angles  sometimes  salient  and  sometimes  re-entering,  the  operar 
tions  of  reduction  are  veiy  liable  to  errors,  if  the  draftsman  attempt? 
to  reason  out  each  step.  All  ^fficulties,  however,  will  be  removeu 
by  the  following  General  Mule : 

1.  Produce  one  side  of  the  figure,  and  call  it  a  base.  Call  one 
of  the  angles  at  the  base  the  first  angle,  and  number  the  rest  in 
regular  succession  around  the  figure. 

2.  Draw  a  line  from  the  1st  angle  to  the  3d  angle.  Draw  a 
parallel  to  it  from  the  2d  angle.  Gall  the  intersections  of  this 
parallel  with  the  base  the  1st  mark. 

3.  Draw  a  line  from  the  1st  mark  to  the  4th  angle.  Draw  a 
parallel  to  it  from  the  3d  angle.  Its  intersection  widi  the  base  is 
the  2d  mark. 

4.  Draw  a  line  from  the  2d  mark  to  the  5th  angle.  Draw  a 
parallel  to  it  from  the  4th  angle.  Its  intersection  with  the  base  is 
the  3d  mark. 

5.  In  general  terms,  which  apply  to  every  step  after  the  first, 
draw  a  line  from  the  last  mark  obtained  to  the  angle  whose  number 
is  greater  by  three  than  the  number  of  the  mark.  Draw  a  parallel 
to  it  through  the  angle  whose  number  is  greater  by  two  than  that 
of  the  mark.  Its  intersection  with  the  base  will  be  a  mark  whose 
number  is  greater  by  one  than  that  of  the  preceding  mark.* 

in  the  concise  language  of  Algebra,  draw  a  line  from  the  nth  mark  to  the 
■4-3  angle.  Draw  a  parallel  to  it  throagh  tbe  n+2  angle,  and  the  interaectioa 
witk  the  oaae  wiU  be  the  n^l  mark. 
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6.  Repeat  Haa  process  for  each  angle,  till  yon  get  &  mark  whoee 
mnnber  is  Bach  that  the  angle  having  a  number  greater  by  three  is 
Uk  last  angle  of  the  figure,  i.  e.  the  angle  at  tho  other  end  of  the 
h»e.  Then  join  tiie  laet  marie  to  the  angle  which  precedes  the 
lut  angle  m  the  figure,  and  the  triangle  thus  formed  ^rill  be  tho 
eqiunlent  triangle  required. 

b  practice  it  is  unneceitary  to  actually  draw  the  Jinea  joining 
dK  goccessve  angles  and  marks,  bnt  the  parallel  ruler  is  merely 
lad  <m  so  as  to  pass  through  them,  and  the  points  where  the 
paraQela  cnt  the  base  are  alone  marked. 


(SS)  It  is  genet^y  more  convenient,  for  the  reasons  ^ven  at 
the  end  rf  Art.  (80),  to  reduce  _  V'^.  «. 

hilf  of  the  figure  on  one  «de  and 
hilf  on  the  other,  as  is  ehovn  in 
%  44,  which  lepresents  the  same 
field  as  Fig.  42.  The  equivalent 
triune  is  here  r — S — S*. 

Vhra  the  figure  has  many  angles, 
thej  should  not  be  numbered  con- 
»ecali?ely  all  the  way  around,  but,  after  the  numbers  have  gone 
■Rimid  sa  &r  as  the  angle  where  it  is  mtended  to  have  the  vertex 


rffte  final  triangle,  the  numbers  should  be  continued  from  the 
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Fig.  45.     In  it  only  the 


other  angle  of  the  base,  aa  is  shown 
intersections  are  marked.' 


L^ 


(8S)  It  is  sometimes  more  convenient,  not  to  produce  one  ol 
the  Bides  of  the  figure,  but  to  draw  at  one  end  of  it,  as  at  the  point 
1  in  Fig.  4G,  an  indefinite  line,  usually  a  perpendicular  to  a  lino 

Fig.  4fi. 


joining  two  distant  angles  of  the  figure,  and  make  thia  line  the  base 
of  the  equivalent  triangle  desired.  The  operation  is  sbown  by  Uie 
dotted  lines  in  the  figure.  The  same  General  Rule  applies  to  it, 
as  to  the  previous  figures. 

(84)  Special  Instruments,  A  variety  of  instruments  have 
been  invented  for  the  purpose  of  determining  areas  rapidly  and 
correctly.  Ono  of  the  simplest  is  the  "  Computing  Scale,"  which 
is  on  the  same  principles  as  the  Method  of  Art.  (75).  It  b  repre- 
sented in  Fig.  47,  given  on  the  following  page.  It  consists  of  D 
scale  divided  for  its  whole  length  from  the  zero  point  into 
divisions,  each  representing  2^  chms  to  the  scale  of  the  plat. 
The  scale  carries  a  slider,  wHch  moves  along  it,  and  has  a 
wire  drawn  across  its  centre  at  right  angles  to  the  edges  of  the 
scale.  On  each  side  of  this  wo,  a  portion  of  the  slider  equal 
in  lengfli  to  one  of  the  primary,  or  2  J  chain,  divisions  of  the  scale, 
is  laid  off  and  divided  into  40  equal  parts. 

l"hia  instrument  is  used  in  connection  with  a  sheet  of  traaspft- 
rent  paper,  ruled  with  parallel  lines  at  distances  apart  each  equal 
to  one  chain  on  the  scale  of  tlie  plat.     It  is  plain,  that  when  the 

*  A  Sgore  wiili  cnrreil  bouiidariei  ma}'  bo  reducel  to  a  triangle  in  a  similar 
oiHiiner.  Straight  lines  must  be  drann  about  llio  G^ce,  lo  ai  to  be  partly  in  it 
and  panl;  out,  givirtE  and  taking  about  eqiioi  quaotiltes,  eo  tliHt  the  URure  which 
thesa  liuea  rorm,  ahull  be  about  njiiivalent  to  the  curved  figure.  Thia  haviiiE 
been  douc,  ai  will  be  furtlier  developed  in  Art.  (124),  tha  eqnivalBiit  Ui 
lined  figuro  ii  rcdiiceJ  by  [lie  above  method. 


J 
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instrument  is  laid  on  this  paper,  with  its  edgeon  one  of  the 
parallel  lines,  and  the  slider  is  moved  over  one  of  the  divi- 
fflons  of  2^  chains,  that  <me  rood,  or  a  quarter  of  an  acre, 
has  been  measured  between  two  of  tbe  parallel  lines  on  the 
paper  (since  10  square  chains  make  one  acre) ;  and  that 
one  of  ilie  smaller  divisions  measures  one  perch  between 
the  same  parallels.  Four  of  the  larger  divisions  give 
one  acre.  The  scale  is  generailj  made  long  enough  to 
measure  at  once  five  acres. 

To  apply  this  to  the  plat  of  a  5eld,  or  farm,  lay  the 
transparent  paper  over  it  in  such  a  position  that  two  of 
the  ruled  lines  shall  touch  two  of  the  exterior  points  of 


Fig  47 


|M 


^O 


Fig.  48. 


the  boundaries,  as 

at  A  and  B.    Lay 

the  scale,  with  the 

slide  set  to  zero, 

on  ilie  paper,  in  a 

direction    parallel 

to  the  ruled  lines, 

and   so  that  the 

wire  of  the  slide 

cuts  the  left  hand 

oblique  line  so  as 

to  make  the  spaces  c  and  d  about  equal.     Hold  tho 

scale  firm,  and  move  the  slider  till  the  wire  cuts  the 

right  hand  oblique  line  in  such  a  way  as  to  equalize  the 

spaces  e  and  /.     Without  chan^g  the  slide,  move 

the  scale  down  the  width  of  a  space,  and  to  the  left 

hand  end  of  the  next  space ;  be^  there  again,  and  proceed  as 

before. 

So  go  on,  till  tlie  whole  length  of  the  scale  is  run  out,  (five  acres 
having  been  measured),  and  then  begin  at  the  right  hand  side  and 
work  backwards  to  the  left,  reading  the  lower  divisions,  which  run 
up  to  10  acres.  By  continuing  this  process,  the  content  of  plats 
of  any  mze  can  be  obtained. 

A  still  dmpler  substitute  for  this  is  a  scale  similarly  divided,  but 
without  an  attached  slide.    In  place  of  it  there  is  used  a  piece  of 
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horn  having  o,  line  drawn  across  it  and  rivetted  to  the  end  of  a 
short  scale  of  box-wood,  divided  like  the  former  slide.  It  is  used 
like  the  former,  except  that  at  atarUng,  tho  zero  of  the  short  scale 
and  not  the  line  on  the  horn  ia  made  to  coincide  with  the  zero  of 
the  long  scale.  The  slide  is  to  be  held  fast  to  the  instrument  when 
this  is  moved. 

Tho  Pediometer  is  another  less  simple  instrument  used  for  tiie 
Bume  object.     It  measures  any  quadrilateral  directly. 

^&5)  Some  very  complicated  instmmenta  for  the  same  object 
have  been  devised.  One  of  them,  Sang's  Planometer,  determines 
the  area  of  any  figure,  by  merely  mo^-ing  a  point  around  the  out- 
line of  the  surface.  Tliia  causes  motion  in  a  train  of  wheel  work, 
which  registers  the  algebi-aic  sum  of  tho  product  of  ordinates  to 
every  point  in  that  iicrimetor,  by  the  increment  of  their  abscissas, 
and  therefore  measures  the  included  space. 

Inatrumenla  of  this  kind  have  been  invented  in  Germany  by 
Ernst.  Hansen,  and  Wetli. 


(86)  A  pm-ely  mechanical  means  of  detennining  the  area  of 
any  surface  by  means  of  its  weiyht,  may  be  placed  here.  The  plat 
is  cut  out  of  paper  and  weighed  by  a  delicate  balance.  The 
weight  of  a  rectangular  piece  of  the  same  paper  containing  just  one 
acre  is  also  found;  and  the  "  Rule  of  Three"  gives  the  content. 
A  modification  of  this  ia  to  paste  a  tracing  of  the  plat  on  thin  sheet 
lead,  cut  out  the  lead  to  the  proper  lines  and  weigh  it. 

(87)  FOrRTU  METHOD.— TRIGONOMETRIC  ALLY,  By  cal- 
culating, from  the  observed  angles  of  the  boundariea  of  tJie  piece 
offfroundfthe  lengthsofOie  lines  needed  for  calculating  die  content. 

Thin  method  is  employed  for  surveys  made  with  angular  instrur 
mentfl,  as  the  compass,  &c.,  in  order  to  obtain  tlie  content  of  the 
hmd  8ur\-eyed,  Tk-ithout  tiie  necessity  of  previously  making  a  plat, 
thus  avoiding  both  that  trouble  and  the  inaccuracy  of  any  calcula- 
tions founded  upon  it.  It  is  therefore  the  most  accurate  method; 
but  will  bo  more  appropriately  expliuned  in  Part  III,  Chapter  VI, 
under  the  head  of  "  Compass  Surveying." 


PART  II. 


CHAIN-8URVEYINQ; 

By  ike  Firtt  and  Second  Method* : 

•  OB 

DIAGONAL  AND  PERPENDICULAR  SURVEYING. 

(88)  The  chain  alone  is  abundantij  sufficient,  without  the  aid 
rf  any  other  instrument,  for  making  an  accurate  survey  of  any 
Bor&ce,  whatever  its  shape  or  size,  particularly  in  a  district  tolera- 
bly level  and  clear.  Moreover,  since  a  chain,  or  some  substitute 
fcr  it,  formed  of  a  rope,  of  leather  driving  reins,  &c.,  can  be 
obtained  by  any  one  in  the  most  secluded  place,  this  method  of 
Smreying  deserves  more  attention  than  has  usually  been  given  to 
it  in  this  country.  It  will,  therefore,  be  fully  developed  in  the 
Moiring  chapters. 

CHAPTER  I 
SVRTETING  BT  DIAGONALS  : 

OR 

By  the  First  Method. 

(89)  Surveying  by  Diagonals  is  an  application  of  the  First 
Method  of  determining  the  position  of  a  point,  given  in  Art.  (5,)  to 
^ch  the  student  should  again  refer.  Each  comer  of  the  field  or 
firm  which  is  to  be  surveyed  is  "  determined"  by  measuring  its 
distances  &om  two  other  points.  The  field  is  then  ^'platted" 
by  repeating  this  procesa  on  paper,  for  each  comer,  in  a  contrary 
order,  and  the  "content"  is  obtained  by  some  of  the  methodfl 
explained  in  Chapter  IV  of  Part  I. 
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The  linos  which  are  meaeurcd  in  order  to  dotermine  the  cor- 
ners  of  the  field  are  usually  side*  and  diayonala  of  the  irregular 
polygon  which  is  to  be  surveyed.  They  therefore  divide  it  up 
into  triangles ;  whence  thia  mode  oi  surveying  is  sometimea  caU- 
ed  "  Chain  Triangulation." 

A  few  examples  will  make  the  principle  and  practice  perfectly 
clear.  Each  will  be  seen  to  require  the  three  operations  of  meaaur- 
ing,  platting,  and  calculating. 

(90)  A  three-sided  field ;  aa  Fig.  49.  Fig.  k.^ 

Field-work.  Measure  the  three  sides, 
AB,  BC,  and  CA.  Measure  also,  as  a 
proof  line,  the  tUstance  from  one  of  the  cor- 
ners, as  C,  to  some  point  in  the  opposite  aide,  as  D,  at  which  a 
mark  should  have  been  left,  when  measuring  from  A  to  B,  at  a 
known  distance  from  A.  A  stick  or  twig,  with  a  slit  in  its  top,  to 
receive  a  piece  of  paper  with  the  distance  &om  A  marked  on  it, 
is  the  moat  convenient  mark. 

Platting.  Choose  a  suitable  scale  as  directed  in  Art.  (41). 
Then,  by  Arts.  (42)  and  (49),  draw  a  lino  equal  in  length,  on  the 
chosen  scale,  to  one  of  the  aides ;  AB  for  e.'^ample.  Take  in  the 
compasaca  the  length  of  another  side  as  AC,  to  the  same  scale, 
and  with  one  leg  in  A  as  a  centre,  describe  an  arc  of  a  circle. 
Ta^e  the  length  of  the  third  side  BC,  and  mth  B  as  a  centre, 
describe  another  are,  int«raectmg  the  first  arc  ia  a  pomt  which  will 
be  the  third  comer  C.  Draw  the  lines  AC  and  BC ;  and  ABC 
will  be  the  plat,  or  miniature  copy  —  as  explained  in  Art.  (Si) — 
of  the  field  surveyed. 

Instead  of  descrihmg  two  arcs  to  get  the  point  C,  two  pairs  of 
compasses  may  be  conveniently  used.  Open  them  to  the  lengths, 
respectively,  of  the  last  two  sides.  Put  one  foot  of  each  at  the 
ends  of  the  first  side,  and  bring  their  other  feet  together,  and  their 
pomt  of  meeting  will  mark  the  desii-ed  third  point  of  the  triangle. 

To  "  prove  "  the  accuracy  of  the  work,  fix  the  point  D,  by  setting 
»S  from  A  the  proper  distance,  and  measure  the  length  of  the  line 


CHAP.  I.]  Snrreylii;  by  Diagonals.  59 

DC,  by  Art.  (43).    If  its  length  on  the  plat  corresponds  to  iti 
measorement  on  the  ground,  the  work  is  correct.* 

CaleuiaUan.  The  content  of  the  field. may  now  be  found  as 
directed  in  Art.  (S5),  either  from  the  three  sides,  or  more  easily 
Aoogh  not  so  accurately,  by  measuring  on  the  plat,  by  Art.  (43), 
the  length  of  the  perpendicular  GE,  let  fall  from  any  angle  to  the 
opposite  nde,  and  taking  half  the  product  of  these  two  lines. 

Example  1.  Figure  49,  is  the  plat,  on  a  scale  of  two  chains 
to  one  inch,  of  a  field,  of  which  the  side  AB  is  200  links,  BG  is 
100  links,  and  AG  is  150  links.  Its  content  by  the  rule  of  Art. 
(S5),  is  0.726  of  a  square  cham,  or  OA.  OB.  12F.  If  the  perpen- 
dicular C£  be  accurately  measured,  it  will  be  found  to  be  72^ 
links.  Half  the  product  of  this  perpendicular  by  the  base  will  be 
found  to  give  the  same  content. 

JSr.  2.  The  three  sides  of  a  triangular  field  are  respectively 
89.39,  54.08,  and  45.98.     Bequired  its  content. 

Am.    lOOA.  OB.  lOP. 

(N>  A  fonr-sided  field ;  Fig.  so. 

as  Hg.  50. 

Fiddrwork.  Measure  the 
four  sides.  Measure  also 
a  diagonal,  as  AG,  thus  di- 
viding the  four-sided  field 
into  two  triangles.  Mea- 
sure also  the  other  diagonal,  or  BD,  for  a  "  Proof  line." 

Platting.  Draw  a  line,  as  AG,  equal  in  length  to  the  diagonal, 
to  any  scale,  by  Arts.  (42)  and  (49).  On  each  side  of  it,  con- 
struct a  triangle  with  the  sides  of  the  field,  as  directed  in  the  pre- 
ceding article. 

To  prove  the  accuracy  of  the  work,  measure  on  the  plat  the 
length  of  the  "  proof  line,"  BD,  by  Art.  (43),  and  if  it  agrees 
with  the  length  of  the  same  line  measured  on  the  ground,  the  field 
work  and  platting  are  both  proved  to  be  correct. 

*  It  i<  a  UDi venal  principle  in  all  sarveyin^  operations,  that  the  work  must  be 
tested  by  some  means  independent  of  the  onginal  process,  and  that  the  same  re- 
salt  mnst  be  arrived  at  by  two  different  methods.  The  necessary  length  of  this 
proof  line  can  also  easily  be  calculated  by  the  principles  of  Trigonometry' 
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CaleiUation.  Find  the  content  of  each  triangle  s^)aratelj,  as 
in  the  preceding  case,  and  add  them  together ;  or,  more  briefly, 
multiply  either  diagonal  (the  longer  one  is  preferable)  by  the  som 
of  the"  two  perpendiculars,  and  divide  the  product  by  two. 

Otherwise :  reduce  the  four-sided  figure  to  one  triangle  as  in 
Art.  (78)  ;  or,  use  any  of  the  methods  of  the  preceding  chapter. 

Example  3.  In  the  field  drawn  in  Fig.  50,  on  a  scale  of  3  chains 
tc  the  inch,  AB  =  588  links,  BC  =  210,  CD  =  430,  DA  =  274, 
the  diagonal  AC  =  626,  and  the  proof  diagonal  BD  ^  500.  The 
total  content  will  be  lA.  OR.  17P. 

Ex.  4.  The  »des  of  a  four^ded  field  are  AB  =  12.41,  BG 
=  5.86,  CD  =  8.25,  DA  =  4.24 ;  the  diagonal  BD  =  11.55, 
and  the  proof  line  AC  =  11.04.    Required  the  content. 

Am.  4A.  2R.  38P. 

Ex.  5.  *  The  sides  of  a  four-sided  field  are  as  follows  :  AB  = 
8.95,  BC  =  5.33,  CD  =  10.10,  DA  =  6.54 ;  the  diagonal  from 
A  to  C  is  11.52  ;  the  proof  diagonal  from  B  to  D  is  10.92.  Re- 
quired the  content.  Ans. 

Ex.  6.  In  a  four^ded  field,  AB  =±  7.68,  BC  =  4.09,  CD  = 
10.64,  DA  =  7.24,  AC  =  10.32,  BD  =  10.74.  Required  the 
content.  An%. 

(92)  A  many-side!  lieM»  as  Hg.  51. 

Fig.  51. 
B 
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HM-Work.  Measure  all  the  sides  of  the  field.  Measure 
abo  diagonals  enough  to  divide  the  field  into  triangles  ;  of  which 
there  will  always  be  two  less  tiian  the  number  of  sides.  Choose 
such  diagonals  as  will  divide  the  field  into  trian^es  as  nearly  equi- 
htenl  as  possible.  Measure  also  one  or  more  diagonals  for 
"Proof  lines."  It  is  well  for  the  surveyor  himself  to  place  stakes 
in  advance  at  all  the  comers  of  the  field,  as  he  can  then  select  the 
best  mode  of  division. 

Platting,  Be^  with  any  diagonal  and  plat  one  triangle,  as  in 
Art.  (M).  Plat  a  second  triangle  adjoining  the  first  one,  as  in 
Art.  (M).  Plat  another  adjacent  triangle,  and  so  proceed,  till  all 
have  been  laid  down  in  their  proper  places.  Measure  the  proof 
lines  as  m  the  last  article. 

Calculation.    Proceed  to  calculate  the  content  of  the  figure, 

precisely  as  directed  for  the  four^sided  field,  measuring  the  perpe]> 

diculars  and  calculating  the  content  of  each  triangle  in  turn ;  or 

taking  in  pairs  those  on  opposite  sides  of  the  same  diagonal ;  or 

using  some  of  the  other  methods  which  have  been  explained. 

Example  7.  The  six-sided  field,  shown  in  Fig.  51,  has  the 
lengths  of  its  lines,  in  cludns  and  links,  written  upon  them,  and  is 
dirided  into  four  triangles,  by  three  diagonals.  The  diagonal 
BE  is  a  ^^  proof-line."  The  Figure  is  drawn  to  a  scale  of  4  chains 
to  the  inch.     The  content  of  the  field  is  5A.  3R.  22P. 

Ex.  8.  In  a  five-sided  field,  the  length  of  the  sides  are  as  ioV 
lows :  AB  =  2.69,  BC  =  1.22,  CD  =  2.32,  DE  =  3.55,  EA  = 
3.23.  The  diagonals  are  AD  =  4.81,  BD  =  3.33.  Required  its 
content.  Ans. 

(t3)  A  field  may  be  divided  up  into  triangles,  not  only  by  mea- 
suring  diagonals  as  in  the  last  figure,  but  by  any  of  the  methods 
shown  in  the  four  figures  of  Art.  (71).  The  one  which  we  have 
been  employing,  corresponds  to  the  last  of  those  figures. 

Still  another  mode  may  be  used  when  the  angles  camiot  be  seen 
from  one  another,  or  from  any  one  point  within.  Take  three  or 
more  convenient  points  witMn  the  field,  and  measure  from  them  to 
die  comers,  and  thus  form  different  sets  of  triangles. 
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KEEPING  THE  FIELD  NOTES. 

(94)  By  Sketch.     The  most  simple  method  is  to  make  a  skotdi 

of  the  field,  aa  nearly  correct  as  the  unosMstcd  hand  and  eye  cM 
produce,  and  note  down  on  it  the  lengtlia  cf  all  the  lines,  as  in  flfr 
51.  But  when  many  otiier  points  require  to  be  noted,  sueli  Ot 
where  fences,  or  roads,  or  streams  are  crossed  in  tlio  measuremeot, 
or  any  other  additional  particulars,  the  sketch  would  become  oo**" 
fused,  and  be  likely  to  lead  to  mistakes  in  the  subsequent  pktiip£ 
from  it.  The  following  is  therefore  the  usual  method  of  keepaS 
the  Field-notes.     A  long  narrow  hook  ia  most  convenient  for  it. 

(95)  In  CoIumnS'     Draw  two  parallel  lines  about  on  inch  apar£ 
from  the   bottom  to  the  top   of  the   page   of  the  i  i 
Seld-book,  as  in  the  margin.     This  column,  or  pair  I'^^l 
of  lines,  may  be  conceived  to  represent  tlie  measured 
line,  tplit  in  two,  ita  two  halves  being  then  separated.  | 
an  inch  apart,  merely  for  convenience,  so  that  the  I 
distances  measured  along  the  line,  may  be  written  be- 
tween  these  halves.                                                        ' 

Hold  the  book  in  the  direction  of  the  measurement.  At  the 
bottom  of  tlie  page  write  down  the  name,  or  number,  or  letter, 
which  represents  the  station  at  which  the  survey  is  to  begin. 


A  "  station"  is  marked  with  a  triangle  or  circle,  aj 
in  the  mar^.     The  latter  is  more  easily  made. 


In  the  compheated  cases,  which  will  be  hereafter  esplained,  and 
in  which  one  long  base  line  is  measured,  and  also  many  other  sub- 
ordinate lines,  it  will  be  well,  as  a  help  to  the  memory,  to  mark 
lite  stations  on  the  Base  line  with  a  triangle,  and  the  stations  on 
the  other  Imcs  with  the  ordinary  circle. 

The  station  from  which  the  measure- 
ments are  mado  is  usually  put  on  the  left 
of  the  column ;  and  the  station  which  ia 
measured  to,  is  put  on  the  right. 


(oB 


From  A 


A 
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But  it  is  more  compact,  and  aroids  interfeiing 
inth  the  notes  of  ''offsets"  (to  be  expltuned  here- 
after) to  write  the  name  or  number  of  the  station 
in  the  colnmn,  as  in  the  margin. 

The  measurements  to  different  points  of  a  line  are 
mitten  abore  one  anotber.  The  nimibers  all  refer 
to  the  be^nning  of  the  line,  and  are  counted  from  it. 


B 
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1 
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Tho  end  of  a  measured  line  is  marked  by  a  line 
drawn  across  the  page  above  the  numbers  which 
indicate  the  measurements  which  have  been  made. 

K  the  chaining  does  not  continue  along  the 
adjoining  line,  but  the  chain-men  go  to  some 
other  part  of  the  field  to  begin  another  mea- 
surement, two  lines  are  drawn  across  the  page. 

When  a  line  has  been  measured,  the  marks 
r  or  n  are  made  to  show  whether  the  follpw- 
lowing  line  turns  to  the  right  or  to  the  left.  •  1 

A  line  is  named,  either  by  the  names  of  the  stations  between 
which  it  is  measured,  as  the  line  AB ;  or  by  its  length,  a  line 
562  links  long,  being  called  the  line  562 ;  or  it  is  recorded  as  Line 
No.  1,  Line  No.  2,  &c ;  or  as  Line  on  page  1,  2,  &c.,  of  the 
Field-book. 

When  a  mark  is  left  at  any  point  of  a  line, 
as  at  D,  in  Fig.  49,  with  the  intention  of  com- 
ing back  to  it  again,  in  order  to  measure  to 
some  other  point,  the  place  marked  is  called  a 
False  Station^  and  is  marked  in  the  Field-book 
F.  S.;  or  has  a  line  drawn  around  it,  to  distin- 
guish it ;  or  has  a  station  mark  A  placed  outside 
of  the  column,  to  the  right  or  left,  according  to 
ilie  direction  in  which  the  measurement  from  it  is 
to  be  made.  Examples  of  these  three  modes  are 
gJLYen  in  the  margin. 
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A  False  Station  is  named  by  its  position  on  the  line  where  it 
bdongs ;  as  thus—"  200  on  562." 

When  a  gate  occurs  in  a  measured  line,  the  distance  from  the 
beginning  of  the  line  to  the  side  of  the  gate  first  reached,  is  tiie 
one  noted. 

When  the  measured  line  crosses  a  fence,  brook, 
road,  &c.,  they  are  drawn  on  the  field-notes  in 
their  true  direction,  as  nearly  as  possible,  but 
not  in  a  continuous  line  across  the  column,  as  in 
the  first  figure  in  the  mar^,  but  as  in  the  se- 
cond figure,  so  that  the  two  parts  would  form  a 
continuous  straight  line,  if  the  halves  of  the 
"  split  line"  were  brought  together. 

It  is  convenient  to  name  the  lines,  in  the  mar^,  as  being  Sides, 
Diagonals,  Proof  lines,  &c. 

(96)  The  Field-notes  of  the  triangular  field  platted  in  Fig.  49, 
are  given  below,  according  to  both  the  methods  mentioned  in  the 
preceding  Article,  pages  62  and  63. 

In  the  Field-notes  in  the  column  on  the  right  hand,  it  is  not  abso- 
lutely necessary  to  repeat  the  B  and  C. 
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(97)  The  field-notes  of  the  survey  platted  in  Fig.  51,  are  ^ven 
below.     They  be^  at  the  bottom  of  the  left  hand  column. 
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CHAPTER  IL 


SURVETINCi  B¥  TIE-LIIVES. 

(98)  Siirveifin>)  hy  Tie-lines  is  a  modification  of  the  motiiod 
exDlaiued  in  the  last  chapter.  It  frequently  happens  that  it  k  im- 
posaibla  to  measure  the  diagonals  of  a  field  of  many  sides,  in  codb» 
queace  of  obstacles  to  measurements,  such  as  woods,  water,  houses, 
kc.  In  such  cases,  "Tie-lines,"  (so  called  hecauso  thej  tie  the 
Bides  together),  are  employed  as  substitutes  for  diagonals. 

Thus,  in  the  four-sided  field  shown  in  the  Figure,  the  diagonab 


Fig.  53. 


cannot  be  measured  because  of  woods  intei^ 
Tening.  As  a  substitute,  measure  off  from 
any  convenient  comer  of  tho  field,  as  E,  any 
difitauces,  BE,  lii\  along  the  sides  of  tho 
field.  Measure  also  tho  "tie-line"  EF. 
Measure  all  the  sides  of  tho  field  as  usual. 

To  plat  this  field,  construct  the  triangle  BEF,  as  in  Art.  (90). 
Produce  tho  sides  BE  and  BF,  till  they  become  respectively  equal 
to  BA  and  BC,  as  measured  on  the  ground.  Then  with  A  and  C 
aa  centres,  and  with  radii  respeclavely  equal  to  AD  and  CD, 
describe  arcs,  whose  intersection  will  be  D,  the  remaininji;  comer 
of  the  field. 

(99)  It  thus  appears  that  one  tie-line  is  suSciont  to  detenoine  a 
four-sided  field ;  two,  a  five-eided  field,  and  so  on.  But,  as  a 
chock  on  errors,  it  is  better  to  measure  a  tie-lme  for  each  angle, 
and  the  agreement,  in  the  plat,  of  all  the  measurements  will  prove 
the  accuracy  of  tbo  whole  work. 

Since  any  inaccuracy  in  the  leugUi  of  a  tie-line  is  increawd  in 
proportion  to  tho  greater  length  of  the  sides  which  it  fixes,  the  tie- 
lines  should  be  measured  as  far  fi-om  the  point  of  meeting  of  those 
Bides  as  possible,  that  is,  they  should  be  as  long  as  posable. 

The  radical  defect  of  the  system  is  that  it  is  "  working  from  less 
to  greater,"  (wHch  is  the  exact  converse  of  the  true  principle), 
ihus  magnifying  inaccuracies  at  every  stop. 
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A  tie-Ime  may  also  be  employed  as  a  '^  proof  line,"  in  the  place 
of  a  diagonal,  and  tested  in  the  same  manner. 

Fig.  53. 

If  any  angle  of  the  field  is  re-entering,  as  at 
B  in  ilie  figure,  measure  a  tie-line  across  the 
ttlient  angle  ASC. 

(IN)  Cliaiii  Angles.  It  is  convenient,  though  not  necessary, 
to  measure  equal  distances  along  the  sides  ;  BE,  BF,  in  Ilg.  52, 
and  BA,  BC,  in  Rg.  53.     "  Chain  Angles"  are  thus  formed.* 


Fig.  54. 


(1(1)  Inaccessible  Areas.     The  method  of  tie-lines  can  be 
applied  to  measuring  fields  which  cannot  be  entered. 

Thug,  m  the  Figure,  ABCD  is  an  inac- 
cessible wooded  field,  of  four  sides.     To 
suirej  it,  measure  all  the  sides,  and  at 
anj  comer,  as  D,  measure  any  distance 
DE,  in  the  line  of  AD  produced.    Mea- 
sure also  another  distance  DF  in  the  line 
of  CD  produced.    Measure  the  tie-line  EF,  and  the  figure  can  be 
platted  as  in  the  case  of  the  field  of  Kg.  52,  the  sides  of  the  trian- 
gle being  produced  in  the  contrary  direction. 

The  same  end  would  be  attained  by  prolon^g  only  one  side,  as 
shown  at  the  angle  A  of  the  same  figure,  and  measuring  AG,  AH, 
and  6H.  It  is  better  in  both  cases  to  tie  ail  the  angles  in  a 
similar  manner. 

This  method  may  be  applied  to  a  figure  of  any  number  of  sides 
by  prolon^ng  as  many  of  them  as  are  necessary ;  all  of  them,  if 
posdble. 


*  Chain  angles  may  be  reduced  to  angles  measared  in  degrees,  by  observing 
that  the  tie-line  is  the  chord  of  the  angle  to  a  radius  eqaal  to  one  of  the  eqoal  dis- 
tances measured  on  the  sides.  Therefore,  divide  the  length  of  the  tie-line  by  the 
length  of  this  distance.  The  quotient  will  be  the  chord  of  the  anele  to  a  radius 
of  one.  In  the  Tablx  op  Chords,  at  the  end  of  this  volunie,  Bndthis  quotient 
and  the  number  of  degrees  and  minutes  corresponding  to  it  gives  the  angle  re 

a  aired.    Otherwise;  since  the  chord  of  any  an^le  equals  twice  the  sine  of  half 
le  angle,  we  have  this  rule :   Divide  half  the  tie-line  by  the  measured  distance 
find  in  a  table  of  natural  sines  the  angle  corresnonding  to  the  quotient,  and  mal 
tiply  this  angle  by  two,  to  get  the  angle  desireci. 
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(102)  If  the  sides  CD  and  AD  were  prolonged  by  their  fiili 
length,  the  content  of  the  figure  could  be  calculated  without  any 
plat ;  for  the  new  triangle  DEF  would  equal  the  triangle  DAC ; 
and  the  sides  of  the  triangle  AOB  would  then  be  known. 

Thb  principle  may  be  extended  still  farther. 
For  a  five-sided  field,  as  in  Fig.  55,  produce 
two  pw9  of  sides,  a  distance  equal  to  their 
length,  forming  two  new  triangles,  as  shown  by 
the  dotted  lines,  and  measure  the  sides  B'D', 
and  AT)".  The  three  sides  of  each  of  these 
triangles  will  thus  be  known,  and  also  the  three 
sides  of  the  triangle  BAD,  since  AD  =  AD", 
and  BD  =  B'D'. 


B^'Z. 


The  method  of  this  article  may  be  employed 
for  a  figure  of  six  sides  as  shown  in  Fig.  56, 
(in  which  the  dotted  lines  within  the  wooded 
field  have  their  lengths  determined  by  the  tri- 
angles formed  outside  of  it,)  but  not  for  figures 
of  a  greater  number  of  sides. 


ie 


Fig.  56. 
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SURTETING  B¥  PERPENDICULARS : 


OR 


By  the  Second  Method. 

(103)  The  method  of  Surveying  by  Perpendieidars  is  founded 
on  the  Second  Method  of  determining  the  position  of  a  point, 
explained  in  Art.  (6).  It  is  applied  in  two  ways,  either  to 
making  a  complete  Survey  by  "  I^iagonals  and  Perpendiculars^* 
or  to  measuring  a  crooked  boundary  by  "  Offsets  J*  Each  will  b« 
considered  in  turn. 


CHAP,  m.]  Saireying  by  Perpendiculars.  60 

The  best  methods  of  getting  perpendictdars  on  the  groond  most, 
however,  be  first  exphuned. 

TO  SET  OUT  PERPENDICULARS. 

(104)  Sorreyor's  Cross.  The  simplest  instrument  Fig^sr. 
for -this  purpose  is  the  Surveyor* %  CroiSj  or  Cro9%-Staffy 
shown  in  the  figure.  It  consists  of  a  block  of  wood,  of 
any  shape,  having  in  it  two  saw-cuts,  made  very  precise- 
ly at  right  angles  to  each  other,  about  half  an  inch  deep, 
and  with  centre-bit  holes  made  at  the  bottom  of  the  cuts 
to  assist  in  finding  the  objects.  This  block  is  fixed  on  a 
pointed  staff,  on  which  it  can  turn  freely,  and  which 
should  be  precisely  8  links  (63J  inches)  long,  for  the 
convenience  of  short  measurements. 

To  use  the  Cross-staff  to  erect  a  perpendicular,  set  it 
at  the  point  of  the  line  at  which  a  perpendicular  is  want- 
ed. Turn  its  head  till,  on  looking  through  one  saw-cut, 
you  see  the  ends  of  the  line.  Then  will  the  other  saw- 
cut  point  out  the  direction  of  the  perpendicular,  and  thus 
guide  the  measurement  desired. 

To  find  where  a  perpendicular  to  the  line,  from  some  object,  as 
a  comer  of  a  field,  a  tree,  &c.,  would  meet  the  line,  set  up  the 
cross-9taff  at  a  point  of  the  line  which  seems  to  the  eye  to  be  about 
the  spot.  Note  about  how  far  from  the  object  the  perpendicular 
at  this  point  strikes,  and  move  the  cross-staff  that  distance ;  and 
repeat  the  operation  till  the  correct  spot  is  found. 

(105)  To  test  the  accuracy  of  the  m-  F>g-  58.  g  p  ^ 
strument,  sight  through  one  slit  to  some 
point  A,  and  place  a  stake  B  in  the  line 

of  sight  of  the  other  slit.     Then  turn  its    a (T)^ 

head  a  quarter  of  the  way  around,  so  eif 

that  the  second  slit  looked  through,  points  to  A.  Then  see  if  the 
other  slit  covers  B  again,  as  it  will  if  correct.  If  it  does  not  do 
80,  but  sights  to  some  other  point,  as  B',  the  apparent  error  is 
double  the  real  onc^  for  it  now  points  as  far  to  the  right  of  the  true 
point,  C  as  it  did  before  to  its  left. 


1/ 
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This  is  the  firet  example  we  have  liad  of  the  invaluable  prin- 
ciple 6f  Revertion,  which  is  used  in  ahnost  every  test  of  the  accu- 
racy of  Surveying  and  Astronomical  inatnuncntB,  its  pecuhar  merit 
being  that  it  doubles  the  real  error,  nnd  thu3  makes  it  twice  as  easy 
to  perceive  and  correct  it. 

(106)  The  instrument,  in  its  meat  finished  form,  is  made  of  o 
hollow  brass  cylinder,  wluch  Las  two  pairs  of  ehta  exactly  opposite 
to  each  other,  one  of  each  pair  being  narrow  and  the  other  wide, 
with  a  horse-hair  stretched  from  the  top  to  die  bottom  of  the  latter. 
It  is  also,  sometimes,  made  with  eight  faces,  and  two  more  pairs 
of  sUts  added,  so  oa  to  set  off  half  a  right  angle.  j.-.^  ;« 

Anotlier  form  is  a  hollow  brass  sphere,  as  in  the 
figure.  Tliis  enables  the  surveyor  to  set  off  perpen- 
pendiculars  on  very  steep  slopes. 


Another  form  of  the  surveyor's  cross  consists  of  two  jiairs 
of  plain  "  Sights,"  each  shaped  as  in  the  figure,  placed  at 
the  ends  of  two  bars  at  right  angles  to  each  other.  The 
sht,  and  the  opening  with  a  hair  stretched  from  its  fop  to 
its  bottom,  are  respectively  at  the  top  of  one  sight  and  at 
the  bottom  of  the  opposite  sight.*  This  is  used  in  the  same 
maimer  as  the  preceding  form,  but  is  less  portable  and  more  hable 
to  get  out  of  order. 

A  temporary  substitute  for  these  instruments  may  he      *''¥■  s'- 
made  by  sticking  four  pins  into  the  comers  of  a  square 
pece  of  board ;  and  sighting  across 
tion  of  tlie  line  and  at  right  angles 


e  comers  of  a  square        /  \ 
33  them,  in  the  tirec-   ^    _\ 
3  to  it.  ■     ^T  ^f 


(107)  Optical  Square.  The  most  convenient  and  accurate  in- 
strument is,  however,  the  Optical  Square.  The  figures  give  a  per- 
spective view  of  it,  and  also  a  plan  with  the  lid  removed.  It  is  a 
small  circular  box,  conttumng  a  strip  of  looking-glass,  from  the 
upper  half  of  which  the  silverins  is  removed.     This  glass  is  placed 


*  Tlie  French  call  llic 


uaJ  ihe  wide  ;>ne  ereiu*. 
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so  u  to  make  precisely  half  a  right 
an^e  irith  the  line  of  agbt,  -trhlch 
puses  Ihroagh  a  slit  on  one  side 
<X  the  box,  and   a   vertical   hiur 

stntched  acrosB  the  opening  on  the 

other  mde,  or  a  mark  on  the  glass. 

He  box  is  held  in  the  hand  over 

be  ipA  where  the  perpendicular  is 

deoicd,  (a  plumb  line  in  the  hand 

win  pre    perfect  accuracy)    and 

the  observer  applies  his  eye  to  tho 

tGt  A,  looking  through  the  upper 

orimalvered  part  of  the  glass,  and 

tnniB  Qie  box  till  he  sees  the  other 

end  of  the  line  B,  through  the  open^ 

ing  C.    The  as^stant,  'with  a  rod, 

mom  along  in  the  directdoa  where  the  perpendicular  is  desired, 

bang  seen  in  the  nlvered  parts  of  the  glass,  by  reficclion  through 

&e  {^leniog  D,  till  his  rod,  at  E,  is  seen  to  coincide  with,  or  to  be 

eoctly  under,  the  object  B.     Then  is  the  line  DE  at  right  angles 

to  the  Bne  AB,  by  the  optical  principle  of  the  equality  of  the  an- 
gles of  incidence  and  reflection. 

To  find  where  a  perpendicular  from  a  distant  object  would  strike 
the  line,  walk  along  &6  line,  with  the  instrument  to  the  eye,  tjll 
Sie  image  of  the  object  b  seen,  in  the  silvered  part  of  the  glass,  to 
coJncide  with  the  direction  of  the  line  seen  through  the  unsilvered 
part. 

The  instrument  may  be  tested  by  sighting  along  the  perpendicu- 
lar, and  fixing  a  point  in  the  ori^al  line ;  on  the  principle  of 
"  Reveraon." 

The  surveyor  can  make  it  for  himself,  fastening  the  glass  in  the 
W  by  four  angular  pieces  of  cork,  and  adjusting  it  by  cutting 
iway  the  cork  on  one  side,  and  introducing  wedges  on  the  other 
nde.     The  box  should  be  blackened  inside. 

Another  form  of  the  optical  square  contains  two  glasses,  fixed  at 
in  an(^e  of  45°,  and  ^vmg  a  right  angle  on  the  principle  of  the 
Butaat. 
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(108)  Chain  Prrpendlculars.     Perpendiculai-a  may  be  B^t  out 

irith  the  cliaia  alone,  by  a  variety  of  methods.  These  metlioda 
generally  consist  in  performing  on  the  ground,  the  operatious  exe- 
cuted on  paper  In  practical  geometry,  the  chain  being  used,  in  iJie 
[lace  of  the  compasses,  to  describe  the  necessary  area. 

As  these  operations,  however,  ore  lc33  often  used  for  the  method 
of  surveying  now  to  be  explained,  than  for  overcoming  obstacles  tc 
measurement,  it  irill  be  more  convenient  tt  consider  them  m  that 
connection,  in  Chapter  V. 

DIAGONALS  AND  PERPENDICULARS. 

(109)  In  Chapter  I,  of  this  Part,  we  have  seen  that  plats  of  sur- 
veys made  with  the  chain  alone,  have  tiieir  contents  most  eaaly 
determined  by  measuring,  on  the  plat,  the  perpendiculars  of  each 
of  the  triangles,  into  which  the  diagonals  measured  on  the  ground 
have  divided  the  field.     In  the  Method  of  Surveying  hy  BiagonaU 

■  and  Perpendicular g,  now  to  be  explained,  the  perpendiculars  are 
measured  on  the  ground.  The  content  of  the  field  can,  therefore, 
be  found  at  once,  (by  adding  together  the  half  products  of  each 
perpendicular  by  the  diagonal  on  which  it  is  let  fall,)  without  the 
necessity  of  previously  maiing  a  plat,  or  of  measuring  the  sides  of 
the  field.  This  is,  therefore,  the  moat  rapid  and  easy  method  of 
surveying  when  the  content  alone  is  required,  and  is  particularly 
applicable  to  the  measurement  of  the  ground  occupied  by  crops, 
for  the  purpose  of  dotcnnining  the  number  of  bushels  grown  to  the 
acre,  the  amount  to  be  paid  for  mowing  by  the  acre,  &c. 


k 


(110)  A  three-sided  ficW.  Measure  the 
longest  side,  as  AB,  and  the  perpendicular, 
CD,  let  fall  on  it  from  the  opposite  angle  C 
Then  the  content  is  equal  to  half  the  product 
of  the  side  by  the  perpendicular.  K  obsta- 
cles prevent  this,  find  the  point,  where  a  perpendicular  let  fall  from 
an  angle,  aa  A,  to  the  opposite  side  produced,  as'BC,  would  meet 
it,  as  at  E  in  the  figure.  Then  half  the  product  of  AE  by  CB  is 
the  content  of  the  triangle. 


ueiH  grown  w  uw  i 

re,  &c.  ^^^H 

£| 
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(111)  A  fonr-sided  field. 

Measure  the  diagonal  AC.  Leave 
marks  at  the  points  on  this  diago- 
nal at  which  perpendiculars  from  B  ^^ 
and  firom  D  would  meet  it ;  find- 
ing these  points  by  trial,  as  previ- 
ously directed  in  Arts.  (104)  and 
(107).    The  best  marks  at  these  ^ 

"False  Stations,"  have  been  described  m  Art.  (90).  Eetum  to 
these  fisklse  stations  and  measure  the  perpendiculars.  When  these 
perpendiculars  are  measured  before  finishing  the  measurement  of 
the  diagonal,  great  care  is  necessary  to  avoid  making  mistakes  in 
the  length  of  the  diagonal,  when  the  chainmen  return  to  continue 
its  measurement.  One  check  is  to  leave  at  the  mark  as  many  pins 
as  have  been  taken  up  by  the  hind-chainman  in  coming  to  that 
point  from  the  be^nning  of  the  line. 

Example  9.    Required  the  content  of  the  field  of  Fig.  64. 

Ans.  OA.  2R.  29P. 

The  field  may  be  platted  from  these  measurements,  if  desired, 
but  with  more  liability  to  inaccuracy  than  in  the  first  method,  in 
which  the  sides  are  measured.  The  plat  of  the  figure  is  3  chains 
to  1  inch. 

The  field-notes  may  be  taken  by  writing  the  measurements  on  a 
sketch,  as  in  the  figure ;  or  in  more  complicated  cases,  by  the 
column  method,  as  below.  A  new  symbol  may  be  employed,  this 
mark,  |-,  or  H,  to  show  the  False  Station,  from  which  a  perpen- 
dicular is  to  be  measured. 

Example  10.     Calculation. 

80    lies 

ABC=  ^  X  480  X  110  =  26400 
ADC=  i  X  480  X  175  =  42000 


P4 

I JFV^  200  (m  480 


I  From  280  on  480 


• 

»9 

480 

t^V, 

t 

280 

\- 

^1 

H 

200 

A 

From  A. 

© 

8q.  chains  6.8400 
Acres  0.684 
It  is  still  easier  to  take  the  two 
triangles  together ;     multiplying 
the  diagonal  by  the  sum  of  the  per- 
pendiculars and  dividing  by  two. 
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(112)  A  many-sided  field.  Fig.  65,  and  the  accompanying 
field-notes  represent  the  field  which  was  surveyed  by  the  ¥m\ 
Method  and  platted  in  Fig.  61. 


Fig.  65. 


From  5.07  on  7.37 

1.54 
F.  S. 

to  t 

From  1  CO  on  7.75 

2.53 
F.  S. 

toD 

From  5.45  on  11.42 

4.93 
F.  S. 

to  E 

From  4.95  on  11.42 

•J.07 
F.  8. 

toB 

H 

FromE 

7.37 

5.07 

0 

to  A 

r 

H 
From  C 

7.75 

1.60 

0 

toE 

r 

From  A 

11.42 

5.45 

4.95 

0 

to  C 

1- 

Example  11.  CaleidaJtum. 
The  content  of  the  triangles  may 
be  expressed  thus : 

9q.  Iks, 
ABO  =  J  X  1142x267=152457 

AEQ  =  ^Xll42x  493 =281503 

ODE  =  |x  775x253=  98037 

AEF  =  JX   737x164=  56749 

sq,  chatru  58.8746 

Acres  5.88746 

or,  5A.  3R.  22P. 

The  first  two  triangles  might 

have  been  taken  together,  as  in 

the  previous  field. 

Content  calculated  from  the 
perpendiculars  will  generally  va- 
ry slightly  from  that  obtained  bj 
measuring  on  the  plat. 


coAP.  m.] 


Ofltets. 
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(113)  A  small  field  which  has  many  sides,  may  sometimes  be 
convcimently  surveyed  by  taking  one  diagonal  and  measuring  the 
perpendiculars  let  fall  on  it  from  each  angle  of  the  field,  and  thus 
dividing  the  whole  area  into  triangles  and  trapezoids ;  as  m  Fig.  36| 
page  48. 

The  line  on  which  the  perpendiculars  are  to  be  let  fall,  may  also 
be  outfflde  of  the  field,  as  in  Hg.  87,  page  48. 

Such  a  survey  can  be  platted  very  readily,  but  the  length  of  the 
perpendiculars  renders  the  plat  less  accurate. 

This  procedure  si:^plies  a  transition  to  the  method  of  '^  Ofl&ets,'' 
which  is  explsuned  in  the  next  article. 

OFFSETS. 

(114)  Ofi&ets  are  short  perpendiculars,  measured  from  a  straight 
line,  to  the  angles  of  a  crooked  or  ^gzag  line,  near  which  the  straight 
line  runs.      Thus,  in  the  figure,  ^ 'S-  <^6. 

let  ACDB  be  a  crooked  fence,  ^n—  ^ 

bounding  one  side  of  a  field.   Chain  ^.^^:r:^9.9..\ A  w ?5ii^!^B 

along  the  straight  line  AB,  which  runs  from  one  end  of  the  fence 
to  the  other,  and,  when  opposite  each  comer,  note  the  distance 
firom.tfae  beginning,  or  the  point  A,  and  also  measure  and  note  the 
perpendicular  distance  of  each  comer  C  and  D  from  the  line. 
These  comers  will  then  be  "  determined"  by  the  Second  Method^ 
Art.  (6). 

The  Rcld-notes,  correspondmg  to  Fig. 
66,  are  as  in  the  margin.  The  measure- 
ments along  the  line  are  written  in  the 
column,  as  before,  counting  from  the  be- 
gJTmmg  of  the  line,  and  the  ofi&ets  are 
written  beside  it,  on  the  right  or  left,  oppo- 
site the  distance  at  which  they  are  taken. 
A  sketch  of  the  crooked  line  is  also  usually  From  A  0 
made  in  the  Field-notes,  though  not  abso- 
Idtely  necessary  in  so  simple  a  case  as 
dus.  The  letters  C  and  D  would  not  be  used  in  practice,  but  are 
here  inserted  to  show  the  connection  between  the  Held-notes  and 
the  plat. 


D 
C 


0 

300 

125 

250 

80 

100 

\ 

\ 

A  0 

© 

toB. 
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In  taking  the  Field-Notes,  the  widths  of  the  ofl^ts  should  no* 
be  drawn  proportionallj  to  the  distances  between  them,  but  the 
breadths  should  be  greatly  exaggerated  in  proportion  to  the  lengfiis. 

(115)  A  more  extended  example,  with  a  little  different  notation, 
is  given  below.  In  the  figure,  which  is  on  a  scale  of  8  chaing  to 
one  inch  for  the  distances  along  the  line,  the  breadths  of  the  ofl^tB 
are  exaggerated  to  four  times  their  true  proportional  dimenaons. 


B 

1500 

0 

1250 

20 

0 

1000 

0 

30 

760 

50 

500 

40 

250 
0 
A 

(116)  The  plat  and  Field-notes  of  the  position  of  two  nouses, 
determined  by  ofl^ets,  are  given  below  on  a  scale  of  2  chains  to  1 
inch. 


I 


250 

to   B 

«r'\  30 

"Vo20 

185 
150 

From  A. 

90 
50 

O 

10   ^ 

10   ® 
30 

Fig.  68. 
B 


(117)  Double  o&ets  are  sometimes  convenient;  and  sometimefl 
triple  and  quadruple  ones.  Below  are  given  tiie  notes  and  the 
plat,  1  chain  to  1  inch,  of  a  road  of  varying  width,  both  sides  of 
which  are  determined  by  double  ofl&ets.  It  will  be  seen  that  the 
lino  AB  crosses  one  side  of  the  road  at  160  links  from  A,  and  the 
other  side  of  it  at  220. 


CHAP,  in.] 
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Two  meUiods  of  keeping  Ae  Tleld-notes  are  ^van.  In  tiie  first 
fimn,  die  o&ets  to  each  ^de  of  the  road  are  given  separately  and 
oooneeted  by  the  aga.+*  Iq  the  second  form,  the  total  distance 
€i  the  eecond  ofiet  is  ^ren,  and  the  two  measorementa  connected 
bj  the  vord  "to."     This  is  earner  both  for  measurinj;  and  plattmg. 


B 

B 

260 

30+60 

260 

30(0 

240 

10+70 

240 

10(0 

0 

220 

50 

0 

220 

50 

20 

200 

3ff 

20 

200 

SO 

40 

180 

10 

40 

180 

10 

46 

160 

0 

46 

160 

0 

50+  0 

140 

50(0    0 

140 

65+  5 

120 

60(0   5 

120 

60+20 

100 

70  6)20 

100 

45+15 

80 

60(0  16 

80 

50+10 

60 

60(0  10 

60 

60+20 

40 

70(0  20 

40 

55+20 

20 

75(0  20 

20 

60+  0 

A 

60(0   0 

A 

(118)  These  o&ets  utay  generally  be  taken  vrith  sufficient  accura- 
eybymeasiiringtbemaanearlyat  right  angles  to  the  baseline  as  the 
eye  can  estimate.  The  surveyor  should  stand  by  the  chain,  facing 
the  fence,  at  the  place  which  he  thinks  opposite  to  the  comer  to 
vhich  he  wishes  to  take  an  o&et,  and  measure  "  squaie  "  to  it  by 
On  eye,  which  a  little  practice  will  enable  him  to  do  with  mucfa 
CQirectDesB. 
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The  ot&ets  may  be  measured,  if  short,  with  an  Off»et-ataff',  a 
light  stick,  10  OP  15  links  in  length,  and  divided  accordingly  ;  or 

if  they  are  long,  ivith  a  tape.  They  are  generally  but  a  few  linkd 
in  length.  A  chain's  length  should  be  the  extreme  limit,  as  laid 
down  by  tlio  Eoghsh  "  Tithe  Commiasionera,"  and  that  should  be 
employed  only  in  exceptional  cases.  When  the  "  Croaa-staff"  ia 
in  use,  ita  divided  length  of  8  IJnka,  renders  the  oSet-staff  need- 


When  o&ets  are  to  be  taken,  the  method  of  chaining  to  the 
end  of  a  line,  deacribed  iu  Art.  (2S),  page  21,  is  somewhat  modi- 
fied. After  tbe  leader  arrives  at  the  end  of  the  line,  he  should 
draw  on  the  chain  till  the  follower,  with  the  back  end  of  the  chain, 
reachea  the  last  pin  set.  This  facilitatea  the  counting  of  the  linlu 
to  the  places  at  which  the  ofisets  are  taken. 

The  oSaots  are  to  be  taken  to  every  angle  of  the  fence  or  other 
crooked  line ;  that  ia,  to  every  point  where  it  changes  ita  direc- 
tion. These  angles  or  prominent  bends  can  be  best  found  by  one 
of  the  party  walking  along  the  crooked  fence  and  directing  another 
at  the  chain  ivhat  points  to  measure  opposite  to.  If  tJie  line  which 
is  to  bo  thua  determined  ia  curved,  the  oKets  should  be  taken  to 
points  so  near  each  other,  that  the  portions  of  the  curved  line  lying 
between  them  may,  without  much  error,  be  regarded  as  straight. 
It  will  be  most  convenient,  for  the  subsequent  calculations,  to  take 
tiie  ofisets  at  equal  distances  apart  along  the  straight  line  from 
which  they  are  measured. 

In  the  case  of  a  crooked  brook,  such  as  ia  shown  in  the  figure 
given  below,  oScts  should  be  taken  to  tlie  most  prominent  angles, 
such  as  are  marked  aa  a'm  the  figure,  and  the  intermediate  bends 
may  be  merely  sketched  by  eye. 


Fig.  70. 


When  ofiefs  from  lines  measured  around  a  field  are  taken  inmd« 
of  theae  bounding  linca,  they  are  sometimes  distinguished  as  Inaeti. 


CBAF.  m.] 
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(119)  Fl^tttag.  The  most  rapid  method  of  plattmg  the  o&ets, 
is  by  the  use  of  a  Platting  Scale  (described  in  Art.  49)  and  an 
Offut  Scale,  which  is  a  short  scale  divided  on  its  edges  Uke  a 
platting  scale,  but  having  its  zero  in  the  middle,  as  in  the  figure. 

Fig.  71 


The  platting  scale  is  placed  paraUel  to  the  line,  with  its  zero 
point  opposite  to  the  beginning  of  the  line.  The  ofiset  scale  is 
slid  along  the  plattmg  scale,  till  its  edge  comes  to  a  distance  on 
the  latter  at  which  an  o&et  had  been  taken,  the  length  of  which  is 
marked  off  with  a  needle  point  from  the  ofiet  scale.  This  is  then 
slid  on  to  the  next  distance,  and  the  operation  is  repeated.  K 
one  person  reads  off  the  field-notes,  and  another  plats,  the  opera- 
tion ynSL  be  greatly  fcujilitated.  The  points  thus  obtained  are 
joined  by  straight  lines,  and  a  miniature  copy  of  the  curved  Kne  is 
thus  obtained ;  all  the  operations  of  the  platting  being  merely  re- 
petitions of  the  measurements  made  on  the  ground. 

If  no  offset  scale  is  at  hand,  make  one  of  a  strip  of  thick  drawing 
paper,  or  pasteboard ;  or  use  the  platting  scale  itself,  turned  cross- 
ways,  having  previously  marked  off  from  it  the  points  from  which 
the  ofl&ets  had  been  taken. 

In  plats  made  on  a  small  scale,  the  shorter  o&ets  are  best  esti- 
mated by  eye. 

On  the  Ordnance  Survey  of  Ireland,  the  platting  of  offsets  is 
&cilitated  by  the  use  of  a  combination  of  the  offset  scale  and  the 
platting  scale,  the  former  being  made  to  slide  in  a  groove  in  the 
latter,  at  right  angles  to  it. 

(IJO)  Calcnlatlng  Content*  When  the  crooked  line  detex^ 
mined  by  o&ets  is  the  boundary  of  a  field,  the  content,  end 
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oet;neeii  it  and  the  straight  line  surveyed,  muBt  be  dctennined, 
that  it  may  be  added  to,  or  subtracted  from,  the  conteut  of  tio 
field  bounded  by  the  straight  lines.  There  are  various  methods  of 
effecting  this. 

The  area  enclosed  between  the  straight  and  the  crooked  lines  is 
divided  up  by  the  o&ets  into  triangles  and  trapezoida,  the  content 
of  which  may  be  calculated  separately  by  Arts.  (63}  and  (6T), 
and  then  added  together.  The  content  of  the  plat  on  pago  75, 
■will,  therefore,  be  1500  +  4125  +  625  =  6250  square  Unka  = 
0.625  square  chain.  The  content  of  the  plat  on  page  76,  will  in 
like  manner  be  found  to  be,  on  the  left  of  the  strmght  line  30,000 
square  links,  and  on  its  right  5,000  square  links, 

(131)  WJten  the  offsets  have  leen  taken  at  e^al  distances,  the 
content  may  be  more  easily  obtained  by  adding  together  half  of 
the  first  and  of  the  last  oSset,  and  all  the  intermediate  ones,  and 
multiplying  the  sum  by  one  of  the  equal  distances  behveen  the  off- 
sets.    This  rule  is  merely  an  abbreviation  of  the  preceding  one. 

Thus,  in  Uie  plat  of  page  76,  the  distances  being  equal,  tiie  con- 
tent of  the  ofisets  on  the  left  of  the  straight  line  will  be  120  x  250 
=  80,000  square  links,  and  on  the  right  20  X  250  =  5,000 
square  links ;  the  same  results  aa  before. 

When  the  line  dctenmned  by  the  ofiseta  is  a  curved  line,  "  Simp- 
son's rule"  gives  the  content  more  accurately.  To  employ  it,  an 
even  number  of  equal  distances  must  have  been  measured  in  the 
part  to  be  calculated.  Then  add  together  the  first  and  last  oflfeet, 
four  tames  the  sum  of  the  even  o&eta,  (i.  e,  the  2d,  4tb,  6th,  &c.,) 
and  twice  the  sum  of  the  odd  offeets,  (i,  e.  the  3d,  5th,  7th,  &c.,) 
not  including  the  first  and  the  last.  Multiply  Hie  sum  by  one  of 
the  equal  distances  between  the  offsets,  and  divide  by  3,  The 
quotient  will  be  the  area. 

Example  12.  The  ofiscts  from  a  straight  line  to  a  curved  fence, 
were  8,  9,  H,  15, 16, 14,  9,  hnks,  at  equal  distances  of  5  links. 
What  was  the  content  included  between  the  curved  fence  and  Iha 
straight  line  7 


A 
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(122)  Many  erroneous  rules  have  been  ^ven  on  tins  part  of  the 
eabject.  One  rule  directs  the  surveyor  to  divide  the  sum  of  all 
die  ofl&ets  by  one  less  than  their  number,  and  multiply  the  quotient 
by  the  whole  length  of  the  straight  line ;  or,  what  is  the  same  thing, 
to  multiply  the  sum  of  M  the  ofl&ets  by  the  common  distance  be* 
tween  them.  This  will  be  correct  only  when  the  ofiEsets  at  each 
end  of  the  line  are  nothing,  i.  e.  when  the  curved  line  starts  from 
the  straigjht  line  and  returns  to  it  at  the  beginning  and  end  of  one 
of  the  equal  distances.  In  all  other  cases  it  will  give  too  much. 
A  second  rule  directs  the  surveyor  to  divide  the  sum  of  all  the  off- 
sets by  their  number,  and  then  to  multiply  the  quotient  by  the 
whole  straight  line.  This  may  give  too  much,  or  too  little,  accord- 
ing  to  circumstances. 

Suppose  ofeets  of  10,  30,  20,  80,  50,  30,  links,  to  have  been 
taken  at  equal  distances  of  a  chain.  The  correct  content  of  the 
enclosed  space  is  200  X  100  =  2  square  chains.  The  first  of  the 
above  rules  would  ^ve  2.2  square  chains,  and  the  second  would 
^ve  1.8333  chdns. 

(12S)  Reducing  to  one  triangle  the  many-sided  figure  which  is 
formed  by  the  o&eis,  is  the  method  of  calculation  sometimes  adopted. 
This  has  been  fully  explained  in  Part  I,  Art.  (78),  &c.  The 
method  of  Art.  (83)  is  best  adapted  for  this  purpose. 

(124)  Equalizing^  or  giuing  and  taking^  is  an  approximate 
mode  of  calculation  much  used  by  practical  surveyors.  A  crooked 
Ime,  determined  by  ofiets,  having  been  platted,  a  straight  line  is 
drawn  on  the  plat,  across  the  crooked  line,  leaving  as  much  space 
outside  of  the  straight  line  as  inside  of  it,  as  nearly  as  can  be  esti- 
mated by  tfie  eye,  "  Equalizing"  it,  or  "  Giving  and  taking"  equal 

Fig.  72. 


portions.  The  straight  line  is  best  determined  by  laying  across 
.the  irregular  outline  the  straight  edge  of  a  piece  of  transparent 
horn,  or  tracing  paper,  or  glass,  or  a  fine  thread  or  horse-haLr 
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stretched  straight  bj  a  light  bow  of  whalebone.  In  practical 
hands,  this  method  is  sufficiently  accurate  in  most  cases.  The  stu* 
dent  will  do  well  to  try  it  on  figures,  the  content  of  which  he  has 
previously  ascertained  by  perfectly  accurate  methods. 

Sometimes  this  method  may  be  advantageously  combined  with 
tlie  preceding;  short  lengths  of  the  croooked  boundary  being 
*^  Equalized,"  and  the  fewer  resulting  zigzags  reduced  to  one  line 
by  the  method  of  Art.  (78),  &c. 


CHAPTER  IV. 


SVRTETING  BY  THE  PRECEDING  METHODS  COMBIIVED. 

125)  All  the  methods  which  have  been  explsdned  in  the  three 
preceding  chapters — Surveying  by  Diagonals^  by  Tie4{neSy  and 
by  PerpeTidicularSj  particularly  in  the  form  of  oflfeets — are  fre- 
quently required  in  the  same  survey.  The  method  by  Diagonals 
should  be  the  leading  one ;  in  some  parts  of  the  survey,  obstacles 
to  the  measurement  of  diagonals  may  require  the  use  of  7He4{nes; 
and  if  the  fences  are  crooked,  straight  lines  are  to  be  measured 
near  them,  and  their  crooks  determined  by  OffseU. 

(126)  Offsets  are  necessary  additions  to  almost  every  oiher 
method  of  surveying.  In  the  smallest  field,  surveyed  by  diagonals, 
unless  all  the  fences  are  perfectly  straight  lines,  their  bends  must 
be  determined  by  ofisets.  The  plat  (scale  of  1  chain  to  1  inch),- 
and  field-notes,  of  such  a  case  are  given  below.     A  sufficient  num- 


ciur.  IT.]         Diagroiuls,  He-lines  and  Olbets, 


88 


ber  of  the  sides,  diagtmals,  and  proof-lines,  to  prove  the  Tvork,  should 
be  platted  before  plattmg  the  offiets. 


Fig.  73. 


3.60. 


C 

0 

360 

6 

315 

10 

275 

Q 

5 

215 

O 

0 

150 

0 

115 

10 

80 

5 

65 

8 

B 

or 

B 

0 

125 

■ 

u 

11 

90 

o 

S 

23 

62 

12 

22 

0 

A 

• 

-1 

C 

< 

310 

o 

A 

r 

A 

0 

248 

11 

180 

o 

s 

0 

105 

0 

65 

5 

D 

or 

D 

0 

135 

• 

15 

110 

III 

Q 

13 

90 

CO 

0 

50 

0 

30 

9 

C 

or 

JExample  13.    Required  the  con- 
tent of  the  above  field.        An9. 


(127)  Field-books.  The  diflSculty  and  the  importance  of  keep 
ing  the  field-notes  clearly  and  distinctly,  increase  with  each  new 
combination  of  methods*  For  this  reason,  three  diflFerent  methods 
of  keeping  the  Field-notes  of  the  same  survey  will  now  be  given, 
(firom  Bourns'  Surveying),  and  a  careful  comparison  by  the  stu- 
dent of  the  corresponding  portions  of  each  will  be  very  profitable 
to  him. 


CHAIN  SDRTEnflG. 
FIELD-BOOK  N*.  1. 


Upakth 


Wiel^Book  No.  1  (Kg.  74)  shews  the  Sketch  method,  «xp1jiiD 
0(1  in  Art.  (94). 
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FIELD-BOOK  No.  2. 
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JPield-Book  No.  2  (Fig.  75)  shews  the  Colum::  met'iod,  exDlau» 
ed  in  Art.  (95). 
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FIELD-BOOK  No.  8. 


Fi^Jd  Book  yh.  3  (Fig.  76)  is  a  conrenient  combinatioii  of  ih» 
two  preceding  methods.  The  bottom  of  the  Book  is  at  the  side  of 
Uiis  6gure,  at  A. 
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(128)  It  vrill  easily  appear  from  the  sketch  of  Field-book  No.  1, 
how  much  time  and  labor  may  be  saved,  or  lost,  by  the  mamier  of 
doing  the  work.  Thus,  beginning  at  A,  and  measuring  750  links, 
a  pole  should  be  left  there,  and  the  line  to  the  right  measured  tc 
17  chains,  or  C,  leaving  a  pole  at  12.30  as  a  new  starting  point  by 
and  by.  Then  from  G  measure  19  chains  to  A  again ;  then  mca* 
sure  from  A  to  B,  and  from  B  back  to  the  pole  left  at  7.50  on  the 
main  line. 

(129)  The  example  which  will  now  be  given  shows  part  of  the 
Field-notes,  the  plat,  (on  a  scale  of  6  inches  to  1  mile  [1 :  10,560]), 
and  a  partial  calculation  of  the  '^  filling  up"  of  a  large  triangle, 
the  angnlfl-T*  points  of  which  are  supposed  to  have  been  determined 
by  the  methods  of  Geodesic  Surveying.  They  should  be  well 
studied.* 


Fig.  77. 


•  C«pt  Froxe,  in  hiB  "  Trigonometrical  Survey,"  from  which  this  example 
has  been  condenied,  remafki,  "  It  may,  perhaps,  be  thought  thai  too  much  strew 
is  laid  onforwu ;  but  method  is  a  most  essential  part  of  an  undertaking  of  magni- 
mde :  and  without  excellent  preliminary  arrangements  to  ensure  uniformity  m 
all  the  most  trifling  details,  the  work  never  could  go  on  creditably.*' 
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In  the  above  specimen  of  a  field-book,  (which  resembles  that  on 
page  85),  all  offsets,  except  those  having  relation  to  the  boundary 
lines,  are  purposely  omitted,  to  prevent  confusion,  the  example 
being  given  solely  to  illustrate  the  method  of  calculating  these 
larger  divisions.  Rough  diagrams  are  drawn  in  the  field-book  not 
to  any  scale,  but  merely  bearing  some  sort  of  resemblance  to  the 
lines  measured  on  the  ground,  for  the  purpose  of  showing,  at  any 
period  of  tha  work,  their  directions  and  how  they  are  to  be  connect- 
ed ;  and  also  of  eventually  assisting  in  laying  down  the  diagram 
and  content  plat.  On  these  rough  diagrams  are  written  the  dis- 
tinctive letters  by  which  each  line  is  marked  in  the  field-book,  and  dso 
its  length,  and  the  distances  between  points  marked  upon  it,  from 
which  other  measurements  branch  off*  to  connect  the  interior  por- 
tions of  the  district  surveyed. 

(130)  Calcnlatlons.  The  calculation  of  one  of  the  figures,  SQ, 
is  given  below  in  detdl.  It  is  composed  of  the  triangle  DPQ,  with 
oflfeets  along  the  sides  PQ ;  and  of  the  triangle  DWX,  with  ofieta 
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ikg  die  sidea  PW  and  WX.  From  the  conteat  thua  obtained 
ntt  be  subtracted  the  o&ets  on  FQ,' belonging  to  the  figure  J^, 
md  ttiose  on  WX  belonging  to  the  figure  SS.-  When  the  o&ets 
uctnu^es,  (right  angled,  of  courBe),tlie  base  and  perpendicular 
IN  put  down  aa  two  aides ;  when  thejr  are  trapezoids,  the  twa 
innllel  rides  and  t^o  distance  between  them  occupj  the  columna 
of'ndes." 
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Tho  other  figures,  comprised  'witlun  the  large  triangle,  are  record- 
ed and  calculated  in  a  similar  manner.  An  abridged  register  9f 
the  results  is  given  below. 
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DNS 
and  ofisets. 


DNO 

and  offsets. 
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and  ofl^ets. 
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and  o£&ets. 
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and  o&ets. 


DPQ 

DWX 

and  ofi&ets. 


SUBTRACTIVB. 


DWX 
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DPQ 

and  of&ets. 


NRM 

and  ofisets. 


•Ofl&ets. 


HTN 

and  o&ets. 


O&cts. 
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140.4893 


100.1882 


103.9778 


>  81. 


6307 


J 


109.5064 


137.1271 


Total, 


672.9195 


_1 

The  accuracy  of  the  preceding  calculations  of  the  separate  figures 
must  now  be  tested  by  comparing  the  sum  of  their  areas  with  that 
of  the  large  triangle  ACD,  which  comprises  them  all.  Their  area 
must  previously  be  increased  by  the  ofisets  on  the  lines  CS  and  CH, 
which  had  been  deducted  from  H,  and  which  amount  respectively 
to  3.5270  and  2.8690.  The  total  areas  will  then  equal  679.3155 
square  chains.  That  of  the  triangle  ACD  is  679.5032 ;  a  difier- 
ence  of  less  than  a  fifth  of  a  square  chain,  or  a  fiftieth  of  an  acre ; 
or  about  one-fortieth  of  one  per  cent,  on  the  total  area. 

(131)  The  six  lines*  In  most  cases,  great  or  small,  six  fun- 
damental lines  will  need  to  be  measured ;  viz.  four  approximate 
boundary  lines,  forming  a  quadrilateral,  and  its  two  diagonals. 
Small  triangles,  to  determme  prominent  points,  can  be  formed  withm 
and  without  these  mam  lines  by  the  First  Method,  Art.  (5), 
and  the  lesser  irregularities  can  be  determined  by  ofisets. 
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Thus,  in  the  above  figure,  two  stnught  lines  AB  and  CD  are 

measured  through  the  entire  length  and  breadth  of  the  farm,  or 

township,  which  is  to  be  surveyed.     The  connecting  lines  AC,  OB, 

BD  and  DA  are  also  measured,  uniting  the  extremities  of  the 

first  two  lines.    The  last  four  lines  thus  form  a  quadrilateral,  which 

is  divided  into  two  triangles  by  one  of  the  first  measured  lines, 

while  the  8ec(md  serves  as  a  proof-line.     The  distance  from  the 

intersection  of  the  two  diagonals  to  the  extremities  of  each,  being 

measured  on  the  ground  and  on  the  plat,  a&brds  an  additional  test. 

Other  points  of  the  district  surveyed  (as  E,  G,  K.,  &c.,  in  the 

hgore,)  are  determined  by  measuring  the  distances  from  them  to 

known  pomts  (as  M,  N,  P,  R,  &c.,  in  the  figure)  situated  on  some 

of  the  nx  fundamental  lines,  thus  forming  the  triangles  T?  T- 

The  intersection  0  of  the  main  diagonals,  and  also  the  intersec- 
tions of  the  various  minor  lines  with  the  msdn  lines  and  with  each 
other,  should  all  be  carefully  noted,  as  additional  checks  when  the 
woik  comes  to  be  platted. 
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The  larger  figures  are  determined  first,  and  the  smaller  ones 
based  upon  them,  in  accordance  with  this  important  principle  in 
all  surveying  operations,  always  to  work  from  the  whole  to  the 
parts,  and  from  greater  to  less.  The  unavoidable  inaccuracies  are 
thus  subdivided  and  diminished.  The  opposite  course  would  accu- 
mulate and  magnify  them. 

These  additional  lines,  which  form  secondary  triangles,  should 
be  so  chosen  and  ranged  as  to  pass  through  and  near  as  many  ob- 
jects as  possible,  in  order  to  require  as  few  and  as  short  ofiEsets  as 
the  position  of  the  lines  will  permit ;  the  smaller  irregularities  being 
determined  by  ofiEsets  as  usual.  It  is  better  to  measure  too  many 
lines  than  too  few,  and  to  establish  unnecessary  ^^  false  stations/' 
rather  than  not  to  have  enough. 


(132)  Exceptional  cases*  The  preceding  arrangement  of  lines, 
though  in  most  cases  the  best,  may  sometimes  be  varied  with  ad- 
vantage. Unless  the  farm  surveyed  be  of  a  shape  nearly  as  broad 
as  long,  the  two  diagonals  will  cross  each  other  obliquely,  instead 
of  nearly  at  right  angles,  aa  is  desirable. 


When  the  farm  is  much 
longer  than  it  is  wide,  two 
systems,  of  six  lines  each, 
may  be  used  with  much 
advantage,  as  in  Rg.  79. 
Several  such  may  be  com- 
bined when  necessary. 


Fig.  79 


hig,  80. 


In  a  case  like  that  in  Fig. 
80,  five  lines  will  be  better 
than  six,  and  will  tie  one  an- 
other together,  their  points  of 
intersection  being  carefully 
noted. 
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In  the  &rm  represented  in 
Fig.  81,  the  syBtem  of  UncB 
&ere  shown  is  the  best,  and 
Qiey  will  also  tie  one  another. 


(1SS)  Much  difficulty  will  often  be  found  m  ranging  and  meft* 
■oriiig  the  long  lines  required  by  this  method  in  extensive  surreys. 
Tsrious  ccHitnTaQces  for  overcoming  the  obstacles  which  may  bo 
met  witli,  will  be  expl^ned  in  the  following  chapter.  It  will  often 
be  conrenient  to  measure  -the  nunor  lines  along  roads,  lanes, 
p&ths,  &c.,  although  they  may  not  lie  in  the  most  desirable  direc- 
tions. Steeples,  chimneys,  remarkable  trees,  and  other  objects  of 
that  character,  may  often  bo  sighted  to,  and  the  line  measured  to- 
wards them,  with  much  saving  of  time  and  labor.  The  point  where 
the  measured  lines  cross  one  another  should  always  be  noted,  and 
liej  will  thus  form  a  very  complete  series  of  tie-lines." 

A  view  of  the  diatrictr  to  be  surveyed,  taken  from  some  elevated 
jiadtion,  will  be  of  much  assistance  in  planning  the  general  direo- 
lini  of  the  lines  to  be  measured. 


(1S4)  loaccessiMe  Areas. 

A  combination  of  o&ets  and 
fifties  snpphes  an  easy  me- 
tliod  of  surveying  an  tnaccet 
iHle  area  such  as  a  pond 
twamp,  forest  Mock  of  houses 
ke.,  aa  appears  &om  the  fi- 
gure ;  in  which  external  hound 
ing  Imes  are  taken  at  will  and 


Fig  82. 


*  To  End  tbe  exact  point  of  iDlenectioD  of  Iheie  lioM,  wb!cb  are  odIt  ' 
linn,"  (explained  in  Art.  (19),)  three  personi  are  necouBry:  one  gtanda  al 
point  of  one  of  tbe  line*  and  gigbll  lo  iome  olber  point  on  it ;    a  h 
nme  on  the  lecond  line  ;  bj  aigni  they  direct,  lo  ri;;ht  or  left,  the  muvmieuu  ut  i 
Uiird  penon,  who  holila  a  rod,  tilt  be  is  placed  in  both  of  the  line*  and  thui  v 
their  nteiKctioo,  on  llie  prinoiple  of  Art.  (11). 


;   a  Kcond  doe*  ibe 
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meaaiii'ed,  and  tied  bj  "ti&-liiies"  measured  between  these  linee, 
prolunged  when  necessary,  as  in  Art.  (101),  wliile  ofi&ets  from 
them  determine  the  irregularities  of  tiio  actual  boundaries  of  the 
pond,  &;c. 

These  offsets  are  insets,  and  their  content  is,  of  course,  to  be 
Bubtracted  from  the  content  of  the  principal  figure. 

Even  a  circular  field  might  thus  be  approximately  measored  fi-om 
the  cateide. 

If  the  shape  of  the  field  admits  of 
it,  it  will  be  preferable  to  measure 
four  lines  about  the  field  in  snoh 
du^ctions  as  to  eucloee  it  in  a  |reci-  < 
angle,  and  to  measure  ofiets  from  the 
udes  of  this  to  the  angles  of  the 


Fig.B3. 


(IS4)  When  one  of  the  lines  with  which  F'S-  ^ 

an  inaccessible  field  la  aurreunded,  as  in 
the  last  two  figures,  cuts  a  comer  of  the 
field,  as  in  Fig.  84,  the  triangle  ABC  b  . 
to  be  deducted  frem  the  content  of  the 
enclosing  figure,  and  the  triangle  CD£ 
added  to  it.  The  triangle  DEF  is  also  d 
to  be  added,  and  the  triangle  FGH  de- 
ducted. To  do  this  directly,  it  would  be 
necessary  to  find  the  points  of  intersection 
C  and  F.  But  tiua  may  be  difScult,  and 
caa  be  dispensed  with  by  obtufdng  the 
diSerence  of  ea«b  pair  of  triangles.  The 
difference  of  ABC  and  CDE  will  be  ob- 
ttuned  at  once  by  multiplying  the  differ- 
ence of  the  o&ets  AB  and  DE  by  half  of  BE ;  and  the  difierence 
of  DEF  and  FGH  by  multiplying  the  differencCi  of  DE  and  GH 
by  half  of  EG.' 
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(136)   Roads*    A  winding  Boad  may  also  be  surveyed  thus,  as 
shoTm  in  fig.  85;  straight  lines  being  measured  in  the  road, 

Fig.  85. 


their  changes  in  direction  determined  by  tie-lines,  tying  one  line  to 
the  preceding  one  prolonged,  as  explained  in  Chapter  11,  of  this 
Part,  and  points  in  the  road-fences,  on  each  side  of  these  straight 
fines,  bebig  determined  by  ofi&ets. 

A  RiTer  may  also  be  supposed  to  be  represented  by  the  above 
imiding  lines ;  and  the  lower  set  of  lines,  tied  to  one  another  as 
before,  and  with  o£ets  from  them  to  the  water's  edge,  will  be  suf- 
ficient for  making  an  accurate  survey  of  one  side  of  the  river. 

(1S7)  ToWBSt  A  town  could  be  surveyed  and  mapped  in  the 
same  manner,  by  measuring  straigli^t  lines  through  all  the  streets, 
detenmxung  their  angles  by  tie-lmes,  and  taking  o&ets  from  them 
ta  tibe  blocks  of  houses. 


CUllN  SUftVEVING. 


CHAPTER  T. 


OBSTACLES  TO  MEiSIJREItlEIVT  IN  CHUN  SVRVEVINC. 

(138)  In  the  practice  of  the  various  methods  of  aiirvejing  which 
have  been  explained,  the  Mils  and  valleys  which  are  to  be  crosaed, 
the  sheeta  of  water  which  are  to  be  passed  over,  tlie  woods  and 
houses  which  are  to  bo  gone  through — all  these  form  obstacles  to 
tlie  measurement  of  the  necessary  lines  which  are  to  join  certain 
points,  or  to  be  prolonged  in  the  same  direction.  Many  special 
precautions  and  contrivances  are,  therefore,  rendered  necessary ; 
and  the  beat  methods  to  be  employed,  when  the  chain  alone  is  to 
be  used,  will  be  given  in  the  present  chapter. 


(139)  '-The  methods  now  to  be  given  for  overcoming  the  rarioos 
obstacles  met  with  in  practice,  constitute  a  Land-Geometrt. 
Its  problems  are  performed  on  the  ground  instead  of  on 
paper :  its  compassea  are  a  chain  fixed  at  one  end  and  free  to  swing 
around  with  the  other ;  its  scale  \3  the  chain  itself;  and  its  ruler 
is  the  same  chain  stretched  tight.  Its  advantages  are  that  its  wn- 
gle  instrument,  (or  a  substitute  for  it,  such  as  a  tape,  a  rope,  &c.) 
can  be  found  anywhere ;  and  its  only  auiiharios  are  equally  easy 
to  obtain,  being  a  few  straight  and  slender  rods,  and  a  pliunb-lmo, 
for  which  a  pebble  suspended  by  a  thread  is  a  sufficient  substitute. 

Mpny  of  these  problems  require  the  employment  of  perpendico- 
lar  and  parallel  lines.  For  this  reason  we  will  commence  with  tins 
class  of  Problems. 

The  Demonstrations  of  these  problems  will  be  placed  ib  an  Ap- 
pendix to  this  volume,  which  will  bo  the  most  convenient  arrange- 
ment for  the  two  great  classes  of  students  of  surveying ;  those  who 
wish  merely  the  practice  without  the  principles,  and  those  who  wish ' 
to  secure  both. 

The  elegant  "  Theory  of  Transversals"  vrill  be  an  important  ele- 
ment m  some  of  these  demonstrations.  All  of  them  will  conalatiita 
excellent  exercises  for  students. 
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PROBLEMS  ON  PERPENDIOULAR8.* 
Fr^Uea  !•     To  erect  a  perpendicular  ai  any  point  of  a  Unt, 


Fig.  8G. 


(IM)    First  Method.    Let  A  be  the 

point  at  irUcli  a  perpendicular  to  the  line  is 

to  be  set  out.    Measure  off  equal  distances 

AB,  AC,  on  each  side  of  the  point.    Take 

a  portion  of  the  chain  not  quite  1\  times  as 

kag  as  AB  or  AC,  fix  one  end  of  this  at  B, 

and  describe  an  arc  with  the  other  end. 

Do  the  same  firom  C.    The  intersection  of  these  arcs  will  fix  a  point 

D.    AD  will  be  the  perpendicular  required.     Repeat  the  operation 

on  the  other  fflde  of  the  line.    If  that  is  impossible,  repeat  it  on 

the  dde  with  a  different  length  of  chain. 


(Ill)  Second  Method.    Measure  off  as  be-  ^'^s-  ^^ 

fore,  equal  distances  AB,  AC,  but  each  about 
only  <me-ihird  of  the  chain.  Fasten  the  ends 
of  the  chain  with  two  pins  at  B  and  G.  Stretch  ^' 
i(  oat  on  one  side  of  the  line  and  put  a  pin  at  the 
nnddle  of  it,  D.  Do  the  same  on  the  other 
side  of  ihe  line,  and  set  a  pin  at  E.  Then  is  DE  a  perpendicular 
to  BC.  K  it  is  impossible  to  perform  the  operation  on  both  sides 
of  ilie  line,  repeat  it  on  the  same  side  with  a  different  length  of 
cbain,  as  shown  by  the  lines  BF  and  GF  in  the  figure,  so  as  to  get 
a  second  point. 

(142)  Other  Methods.    All  the  methods  to  be  given  for  the 
Qoxt  problem  may  be  applied  to  this. 


Many  of  these  methods  would  seldom  be  recjuired  in  practice,  bat  cases  somo 
timet  occur,  as  every  surveyor  of  much  expenence  in  Field-work  has  found  to 
hi*  lerioas  loconvenience,  in  which  some  peculiarity  of  the  local  circumstancot 
%i>idi  any  of  the  usual  methods  being  applied.  In  such  cases  the  collection  here 
given  will  be  found  of  great  value. 

Id  all  the  figures,  the  given  and  measured  lines  are  drawn  with  fine  full  lines , 
t^  visual  lines,  or  lines  of  sight,  with  broken  lines,  and  the  lines  of  the  result 
'vith  heavy  full  lines.  The  points  which  are  centres  around  which  the  chain  is 
iwang,  are  enclosed  in  circles.  The  alphabetical  order  of  the  letters  attached  to 
tbo  points  sliows  in  what  order  they  are  taken. 
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Problem  2«    To  erect  a  perpendicular  to  a  Une  at  a  given  pointy 
when  the  point  is  at  or  near  the  end  of  the  line. 


Fig.  88. 


50 


B 


(143)  First  Method.  Measure 
40  links  along  the  line.  Let  one  as- 
sistant hold  one  end  of  the  chain  at 
that  point ;  let  a  second  hold  the  20 
Imk  mark  which  is  nearest  the  other 
end,  at  the  given  point  A,  and  let  a 
third  take  the  50  link  mark,  and 
tighten  the  chain,  drawing  equally  on  boih  portions  of  it.  Then 
will  the  50  link  mark  be  in  the  perpendicular  desired.  Repeat 
the  operation  on  the  other  side  of  the  line  so  as  to  test  the  work. 

The  above  numbers  are  the  most  easily  remembered,  but  Ae 
longer  the  lines  measured  the  better ;  and  nearly  the  whole  chain 
may  be  used,  thus :  Fix  down  the  86th  link  from  one  end  at  A, 
and  the  4th  link  from  the  same  end  on  the  line  at  B.  Fix  the 
other  end  of  the  chain  also  at  B.  Take  the  40th  link  mark  from 
this  last  end,  and  draw  the  chain  tight,  and  this  mark  will  be  in 
the  perpendicular  desired.  The  sides  of  the  triangle  formed  by 
the  chain  vdll  be  24,  32  and  40. 


(144)  Otherwise  :  using  a  50  feet 
tape,  hold  the  16  feet  mark  at  A ; 
hold  the  48  feet  mark  and  the  ring- 
end  of  the  tape  together  on  the  line ; 
take  the  28  feet  mark  of  the  tape,  and 
draw  it  tight ;  then  will  the  28  feet  -g 
mark  be  in  the  perpendicular  desired. 


(145)  Second  Method.  Hold  one  end 
of  the  chain  at  A  and  fix  the  other  end  at  a 
point  B,  taken  at  will.  Swing  the  chain 
around  B  as  a  centre,  till  it  again  meets  the 
line  at  C.  Then  carry  tiie  same  end  around 
(the  other  end  remaining  at  B)  till  it  comes 
in  the  line  of  CB  at  D.  AD  is  the  perpen- 
dicvilar  required. 


Fig.  89. 


as 


Fig.  90. 
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(146)    Third  Method.    Let  A  be  the  ^yen 

x>mt.     Choose  any  point  B.    Measure  BA. 

Set  offi  on  the  given  line,  AC  =  AB.     On  CB 

2  AC"* 
produced  set  off  from  C,  a  distance  =  -^. 

TUs  will  fix  the  pdnt  D,  and  AD  will  be  the 
perpaidicnlar  required. 


Fig.  91. 


Fig.  92. 


(117)  Fovrth  Method.  From  the 
g:ven  point  A  set  off  on  the  given  line 
mj  distance  AB.  From  B,  in  any 
convenient  direction,  set  off  BC  =  AB. 
Dien  on  Ihe  ^ven  Une,  set  off  AD  = 

AC.  On  CB  prolonged,  set  off  CE  = 

AD.  Join  DE ;  and  on  DE,  from  D,  set  off  DF  =  2  AB.     Then 
lin  the  line  AF  be  perpendicular  to  the  line  AD  at  the  point  A. 

PmUem  S«  To  erect  a  perpendicular  to  an  inaccessible  lincj 
(A  a  given  point  of  it. 

(148)  First  Method.  Get  pomts  in  the  direction  of  the  inao- 
eesable  line  prolonged,  and  from  them  set  out  a  parallel  to  the  line, 
bymeihods  which  are  given  in  Art.  (165),  &c.  Find  by  trial  the 
point  in  which  a  perpendicular  to  this  second  line  (and  therefore  to 
tbe  first  line)  will  pass  through  the  required  point. 

(149)  Second  Method.  If  the  Ime  is  not  only  inaccessible, 
but  cannot  have  its  direction  prolonged,  ihe  desired  perpendicular 
can  be  obtained  only  by  a  complicated  trigonometrical  operation. 

ProUem  4«  To  let  fall  a  perpendicular  from  a  given  point  t$ 
«  given  line. 

(150)  First  Method.  Let  P  be 
4e  gven  point,  and  AB  the  given 
^*  Measure  some  distance,  a  chain 
or  leas,  from  C  to  P,  and  then  fix  one 
^d  of  the  chain  at  P,  and  swing  it  A 
"Ground  till  the  same  distance  meets 
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the  line  at  some  point  D.  The  middle  point  E  of  the  distance 
will  be  the  required  pomt,  at  which  the  perpendicular  fix 
would  meet  the  line. 

(151)  Second  Method,     Stretch  a  cham,  or  a  portion  < 
from  the  given  pomt  P,  to  some  point,  as  A,  of  the  ^h-  ^^• 
given  line.    Hold  the  end  of  the  distance  at  A, 
and  swing  round  the  other  end  of  the  chain 
from  P,  so  as  to  set  off  the  same  distance  along 

the  ^ven  line  from  A  to  some  point  B.     Mea-   -^ z 

sure  BP.     Then  will  the  distance  BG  from  B  to  the  foot  oi 

BP' 

desired  perpendicular  =  ^  a  p"' 

(152)  Other  Methods.     All  the  methods  ^ven  m  the 
problem  can  be  applied  to  this  one. 

Problem  5«     To  let  fall  a  perpendicular  to  a  line^fromaj. 
nearly  opposite  to  the  end  of  the  line, 

(153)  First  Method,  Stretch  a  chain  from  the  given  poin 
to  some  point,  as  A,  of  the  ^ven  Ime.  Fix  to  Fig.  95. 
the  ground  the  middle  point  B  of  the  chain 
AP,  and  swing  around  the  end  which  was  at 
P,  or  at  A,  till  it  meets  the  given  line  in  a 
pomt  0,  which  will  be  the  foot  of  the  re- 
quired perpendicular. 

(154)  Second  Method.    Take  any  point,        ^'»g-  ^^ 
as  A,  on  the  given  line.    Measure  a  dis- 
tance AB.     Let  the  end  of  this  distance 
on  the  chain  be  held  at  B,  and  swing  around 
the  end  of  the  chain,  till  it  comes  in  the      j^       b 
line  of  AP  at  some  point  C,  thus  making  BC  =  AB.    Mea 
AC  and  AP.     Then  the  distance  AD,  from  A  to  the  foot  of 

•,.     ,  .J       APxAC 

perpendicular  reqmred  =    ^  .  ^    . 
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(155)  Third  Method.  At  any  convenient 
point,  as  A,  of  ilie  g^ven  line,  erect  a  perpen- 
dicular, of  any  convenient  length,  as  AB,  and 
mark  a  point  C  on  the  given  Une,  in  the  line 
of  P  and  B.  Measure  CA,  CB  and  CP. 
Then  ilie  distsuice  from  G  to  the  foot  of  the 

peipendicnlar,  i.  e.  CD  =  — j^^ — . 


>'ig.  97. 


Problea  6»     To  let  fall  a  perpendicular  to  a  linej  from  an 
inaecessible  point. 


(156)  First  Method.  Let  P  be  the  giien 
point.  At  any  point  A,  on  the  given  line,  set  out 
a  perpendicular  AB  of  any  convenient  length. 
Prolong  it  on  the  other  side  of  the  line  the 
same  distance.  Mark  on  the  given  line  a 
p(»nt  D  in  the  line  of  PB ;  and  a  point  E  in 
the  line  of  PC.  Mark  the  point  F  at  the  in- 
tersection of  DC  and  BE  prolonged.  The  line 
FP  is  the  line  required,  being  perpendicular 
to  ilie  ^ven  line  at  the  point  G. 


Fig.  98. 


(157)  Second  Method.  Let  A  and  B 
be  two  points  of  the  given  line.  From  A 
let  &I1  a  perpendicular,  AC,  to  the  visual 
Cue  BP ;  and  from  B  let  £9J1  a  perpendi- 
cular, BD,  to  the  visual  line  AP.  find 
the  point  at  which  these  perpendiculars 
intersect,  as  at  E  (see  Art.(133))9  ^^^  ^® 
line  PE,  prolonged  to  F,  will  ^ve  the 
perpendicular  required. 


Fig.  99. 


Problem  7«     To  let  fall  a  perpendicular  from  a  given  point  to 
tnaeecsMle  line. 
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(158)  First  Method.    Let  P  be  ^i^.  loo. 
the  pven  point  and  AB  the  g^ven 
line.    By  ttie  preceding  problem,  let 
fall  perpendiculars  from  A  to  BP,  at 
C ;  and  from  B  to  AP,  at  D ;  the 
line  PE,  passing  from  the  given  pomt 
to  the  intersection  of  these  perpendiculars,  is  the  desired  perpendi- 
cular to  the  inaccessible  line  AB. 

This  method  will  apply  when  only  two  pointa  of  the  line  aie 
visible. 

(159)  Second  Method.  Through  the  given  point,  set  out,  by 
the  methods  of  Art.  (165),  &;c.,  a  line  parallel  to  the  inaccesable 
line.  At  the  given  point  erect  a  perpendicular  to  the  parallel  Ime, 
and  it  will  be  the  required  perpendicular  to  the  inaccessible  line.  . 

PROBLEMS  ON  PARALLELS. 

Problem  1«  To  run  a  liney  from  a  given  pointy  parallel  to  a 
given  line. 

(160)  ^First  Method.  Let  fall  a  perpendicular  from  the  pomt 
to  the  line.  At  another  point  of  the  line,  as  far  off  as  possible, 
erect  a  perpendicular,  equal  in  length  to  the  one  just  let  fall.  The 
line  joining  the  end  of  this  line  to  the  ^ven  point  will  be  the  paral< 
lei  required. 

iUl)  Second  Method.    LetABbe  Fi^'.  loi. 

the  given  line,  and  P  the  ^ven  point,  a 
Take  any  point,  as  G,  on  the  given  line, 
and  from  it  set  off  equal  distances,  as 
long  as  possible,  CD  on  the  given  line, 
and  CE,  on  the  lino  CP.  Measure 
DE.  From  P  set  off  PF  =  CE ;  and  from  F,  with  a  distance  =i 
DE,  and  from  P,  with  a  distance  =  CD,  describe  arcs  intersect- 
ing in  G.  PG  will  be  the  parallel  required.  K  it  is  more  con- 
venient, PC  may  be  prolonged,  and  the  equal  triangle,  CDE,  be 
formed  on  the  other  side  of  the  line  AB. 
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(Itt)  Third  Method.     Measure  from 
P  to  any  point,  as  C,  of  the  ^ven  line,  and  a 
pat  a  mark  at  Hie  middle  point,  D,  of  th^t 
^e.    Fraoci  any  point,  as  E,  of  the  given 
fine,mfii8iiie  a  line  to  the  point  D,  and  con- 
tinue it  tfflDF  =  DK    Then  will  the  line 
PF  be  parallel  to  AB. 


Fig.  102. 


Fig.  103. 


D 


(163)  Fourth  Method,  Measure  from 
P  to  any  pdbit  C,  of  the  ^ven  line,  and 
eontiDae  the  measurement  till  CD  =  CP. 
From  D  measure  to  any  point  E  of  the 
^ren  line,  and  continue  the  measurement 
en  EF  =  ED.  Then  will  the  line  PF 
be  parallel  to  AB.  K  more  conyenient, 
CD  may  be  made  one-half,  or  any  other  fraction,  of  CP^  and  EP 
be  Hien  made  twice,  &c.,  DE. 


B 

-XT 


Fig.  104. 
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(Ml)  Fifih  Method.  From  any 
point,  as  G,  of  the  line,  set  off  equal  ^ 
distaaces  along  the  line,  to  D  and  E. 
Take  a  point  F,  in  the  line  of  PD. 
Stake  out  the  lines  FO  and  FE,  and 
aho  the  line  EP,  crossing  the  line  GF 
in  the  point  G.  Lastiy,  prolong  the  line  DG,  till  it  meets  the 
line  EF  in  the  point  H.     PH  is  the  parallel  required. 

ProHea  2.     To  run  a  line  from  a  given  point  parallel  to  an 
inaeees9ible  line. 


V 


Fig.  105. 
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(1<5)  Mret  Method,  Let  AB 
be  the  gLven  line,  and  P  the  given 
pomt.  Set  a  stake  at  G,  in  the  line 
of  PA,  and  another  at  any  conven- 
ient point,  D.  Through  P,  set  out, 
by  ihe  preceding  problem,  a  parallel 
toDA,  and  set  a  stake  at  the  point, 
M  E,  where  this  parallel  mtersects  DG  prolonged.    Through  B 


u: 
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Bet  out  a  parallel  to  BD,  and  set  a  stake  at  the  pomt  F,  where  this 
parallel  intersects  BC  prolonged.     PF  is  the  pa^rallel  required 

(166)  Second  Method.  Set  a  stake  ^ >s-  ^^' 
at  any  point,  C,  in  the  line  of  AP,  and 
another  at  any  convenient  place,  as  at  D. 
Through  P  set  out  a  parallel  to  AD, 
intersecting  CD  in  E.  Through  E  set 
out  a  parallel  to  DB,  intersecting  CB  in 
F.  The  line  PF  will  be  the  parallel  re- 
quired. 

(167)  Alincment  and  Aleasarement.    We  are  now  prepared, 

having  secured  a  variety  of  methods  for  setting  out  Perpendiculars 
and  Parallels  in  every  probable  case,  to  take  up  the  general  sub- 
ject of  overcommg  Obstacles  to  Measurement. 

Before  a  line  can  be  measured,  its  direction  must  be  determined. 
This  operation  is  called  Ranging  the  line ;  or  Alining  it ;  or 
Boning  it.*  The  word  Alinement\  will  be  found  very  convenient 
for  expressing  the  direction  of  a  line  on  the  ground,  whether 
between  two  points,  or  in  their  direction  prolonged. 

This  branch  of  our  subject  naturally  divides  itself  into  two  partBy 
Jie  first  of  which  ia  preliminaiy  to  the  second ;  vk : 

L  Of  Obstacles  to  Alinement ;  or  how  to  establish  the  direo- 
tion  of  a  line  in  any  situation, 

IL  Of  Obstacles  to  Measarement ;  or  how  to  find  the  length  of 
a  line  which  cannot  be  actually  measured. 

I.   OBSTACLES  TO  ALINEMENT. 

(168)  All  the  cases  which  can  occur  imder  this  head,  may  be 
reduced  to  two ;  viz : 

A.  To  find  points  in  a  line  beyond  the  ^ven  points,  i.  e.  to 
fnrolong  the  line. 

B.  To  find  points  in  a  line  between  two  given  points  of  it,  L  e. 
u)  interpolate  points  in  the  line. 

*  This  word,  like  many  others  used  in  En^neering,  is  derived  from  a  Freaoh 
word,  Bomer,  to  mark  out,  or  limit ;  indicating  that  the  Normans  introduced  the 
trt  of  Surveying  into  England. 

t  Slightly  modified  from  the  French  Alignemeni. 
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A.    TO  PROLON«  1  LINE 

* 

<IM)  Bj  rugins  with  rodSt    When  two  points  ia  a  line  are 
ffweoj  and  it  is  desired  to  ^"'^s-  ^o''- 

prolong  the  line  by  ranging    'y£^*^^^&^^^^^^' 

it  Ofut  irith  rods,  three  per-  -^         **^^^^^^K^,^^^^ 
MDS  are  required,  each  furnished  with .  a  straight  slender  rod,  and 
irith  a  plumb-line,  or  other  means  of  keeping  their  rods  vertical. 
One  holds  his  rod  at  one  of  the  given  points,  A,  in  the  figure,  and 
•DOther  at  B.    A  third,  C,  goes  forward  as  far  as  he  can  without 
Iceing  sight  of  the  first  two  rods,  and  the^,  looking  back,  puts  him- 
self ^^  in  line  "  with  A  and  B,  i.  e.  so  that  when  his  eye  is  placed 
al  C,.the  rod  at  B  hides  or  covers  the  rod  at  A.     This  he  can  do 
most  accurately  by  holding  a  plumb-line  before  his  eye,  so  that  it 
shall  cover  ihe  first  two  rods.    The  lower  end  of  the  plumb-bob 
win  ihen  indicate  the  point  where  the  third  rod  should  be  placed ; 
and  so  with  the  rest.     The  first  man,  at  A,  is  then  signalled,  and 
comes  forward,  passes  both  the  others,  and  puts  himself  at  D,  ''  in 
line"  with  C  and  B.    The  man  at  B,  then  goes  on  to  E,  and  ''  Imes" 
himself  with  D  and  C :  and  so  they  proceed,  in  this  ''  hand  over 
hand"  operation,  as  £ur  as  is  desired.     Stakes  are  driven  at  each 
point  in  the  line,  as  soon  as  it  i&  determined. 

(170)  The  rods  should  be  perfectly  straight,  either  cylindrical  or 
polygonal,  and  as  slender  as  they  can  bo  without  bending.  They 
should  be  painted  in  alternate  bands  of  red  and  white,  each  a  foot, 
or  link,  in  length.  Their  lower  ends  should  be  pointed  with  iron, 
and  a  projecting  bolt  of  iron  will  enable  them  to  be  pressed  down 
by  the  foot  into  the  earth,  so  that  they  can  stand  alone.  When 
this  is  done,  one  man  can  range  out  a  line.  A  rod  can  be  set  per- 
fectly vertical,  by  holding  a  plumb-line  before  the  eye  at  some  dis- 
tance firom  the  rod,  and  adjusting  the  rod  so  that  the  plumb-line 
coyers  it  from  top  to  bottom ;  and  then  repeating  the  operation  in 
a  direction  at  right  angles  to  the  former.  A  stone  dropped  from 
top  to  bottom  of  the  rods  will  approximately  attain  the  same  end. 

When  the  Unes  to  be  ranged  are  long,  and  great  accuracy  is  r& 
quired,  the  rods  may  have  attached  to  them  plates  of  tin  with  opec 
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inga  cut  out  of  thorn,  and  black  horse-hairs  Btretclied  from  ^'S- '™ 
top  to  bottom  of  tho  openings.     A  small  i 
then  be  used  for  ranging  these  hairs  in  line. 
Burvey,  straight  twigs,  with  their  topa  split  t 
per  folded  as  in  the  figm-e,  may  be  used. 


rs  Btretched  from  *  'S- '™ 
1  telescope  must  \i£^ 
ine.     Iq  a  hasty       I 
t  to  receive  a  pa-      1 


(131)  By  perpCBdicnlars.  ^"''!^r 

The  straight  Une,  AB  in   the   ~' f -'""";"~"  @r f— 

figure,  is  supposed  to  bo  atop-       c  D        E  f 

ped  by  a  tree,  a  bouse,  or  other  obstacle,  and  it  is  desired  to  pro 
long  tho  line  beyond  this  obstacle.  From  any  two  points,  as  A 
and  B,  of  the  line,  set  off  (by  some  of  the  methods  which  have  been 
given)  equal  perpendiculars,  AC  and  BD,long  enough  to  pass  the 
obsticle.  Prolong  this  line  beyond  the  obstacle,  and  from  any  two 
DOmta  in  it,  as  E  and  F,  measure  the  perpendiculars  EG  and 
FH,  eaua)  to  the  first  two,  but  in  a  contrary  direction.  Then 
will  G  and  H  be  two  points  in  the  Ime  AB  prolonged,  which  can 
bo  cf-ntinued  by  the  method  of  the  last  article.  The  points  A 
and  B  should  be  taken  as  far  apart  as  possible,  as  should  also 
the  points  E  and  F.  Throe  or  more  perpendiculsira,  on  each 
side  of  the  obstacle,  may  be  set  off,  in  order  to  increase  the  accu- 
racy of  the  operation.  The  same  thing  may  also  be  done  on  ths 
other  ade  of  the  line,  as  another  confirmation,  or  t«3t,  of  the  accu- 
racy of  the  prolonged  line. 

(172)  By  equilateral  lriang:Ics. 

The  obstacles,  noticed  in  the  last  arti- 
cle, may  also  be  overcome  by  means  of 
three  equilateral  triangles,  formed  by 
the  ch^n.  FLt  one  end  of  the  chain, 
and  also  tlie  end  of  the  first  link  from 
its  other  end,  at  B ;  fix  the  end  of  the 

83d  link  at  A ;  take  hold  of  the  6Cth  

link,  and  dra\v  the  chain  tig^t,  pulling  equally  on  each  part,  tad 
put  a  pin  at  the  point  thus  fomid,  C,  in  the  figure.  An  equilateral 
triangle  will  thus  be  formed,  each  side  being  33  links.  Prolong 
the  line  AC,  past  the  obstacle,  to  some  point,  as  D.     M.ike  another 
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equilateral  triangle,  DEF,  aa  before,  and  thus  fix  the  point  F.  Pix>- 
loDg  DF,  to  a  length  equal  to  that  of  AD,  and  thus  fix  a  point  G. 
At  6  fonn  a  third  equilateral,  triangle  6HK,  and  thus  fix  a  point 
E.  Then  will  KG  ^ye  the  direction  of  AB  prolonged. 

(173)  By  SfBiietrical  triangles.    Let  AB  be  the  line  to  be 


Fig.  111. 


pr(doDged.    Take  any  conve- 

nient  point,  as  C.    Baogc 

oqI  the  line  AC,  to  a  point 

a;  Buch  that  CA'  =  CA. 

fiiDge  oat  CB,  so  that  GB' 

s  CB.     Bange    backwards 
A'B',  to  some  point  D,  such 

that  DC  prolonged  will  pass        "^  ^ '  A 

flie  obstacle.  !Elnd,  by  ranging,  the  intersection,  at  E,  of  DB  and 
AC.  Prom  C,  measure,  on  CA',  the  distance  CE'—  CE.  Then 
range  out  DC  and  B'E'  to  their  intersection  in  P,  which  will  be  a 
required  point  in  the  direction  of  AB  prolonged.  The  symmetri- 
cal points  are  marked  by  corresponding  letters.  Several  other 
p(nni8  should  be  obtamed  in  the  same  manner. 

In  this,  as  in  all  similar  operations,  very  acute  intersections 
ahoold  be  avoided  as  far  as  possible. 


Fig.  113. 


(171)  By  traBsrersals.    LetABbe 

pven  line.  Take  any  two  points  C 
aod  D,  such  that  the  line  CD  will  pass 
t}ie  obstacle.  Take  another  point,  E, 
in  the  intersection  of  CA  ahd  DB. 
Measure  AE,  AC,  CD,  BD  and  BE. 
Then  the  distance  from  D  to  P,  a  point 
in  the  required  prolongation,  viil  be 
l^p_  CDxBDxAE 
BExAC— BDxAE' 

Other  points  in  the  prolongation  may 
be  obtained  in  the  same  manner,  by 
Mdj  moving  tbe  angle  point  C,  in  the 

fe«  of  EA ;  in  whicb  case  the  new  distances  CA  and  CD  will 
^lone  require  to  be  measured. 
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CDxBD 

If  AE  be  made  equal  to  AC,  then  is  DP  =  ggHgX)* 

,       .   ^^      CDxAE 
If  BE  be  made  equal  to  BD,  then  is  DP  -  Xc^TaE  * 

The  minus  sign  in  the  denommatx)rs  must  be  understood  as  only 
meaning  that  the  difference  of  the  two  terms  is  to  be  taken,  without 
I'egard  to  which  is  the  greater. 


(175)  By  harmonic  coi^ugaies.  Fig.  iis. 
Let  AB  be  the  ^ven  line.  Set  a 
stake  at  any  point  G.  Set  stakes  at 
points,  D,  on  the  line  CA,  and  at 
E.  on  the  line  CB ;  these  points, 
D  and  E,  being  so  chosen  that  the 
Ime  DE  will  pass  beyond  the  obsta- 
cle. Set  a  fourth  stake,  F,  at  the 
intersection  of  the  lines  AE  and 
DB.     Set  a  fifth  stake,  G,  any-  c 

where  in  the  Une  CF;  a  sixth  stake,, H,  at  the  intersection  of  CB 
and  DG  prolonged ;  and  a  seventh,  K,  at  the  intersection  of  CA 
and  EG  prolonged.  Rnally,  range  out  the  lines  DE  and  KH, 
and  their  intersection  at  P,  will  be  in  the  line  AB  prolonged. 

(176)  By  the  complete  quadrilateraL    Let  AB  be  the  given 
Une.     Take  any  conven  Fig.  ii4 

lent   point    C;    measure  F      C Q, 

from  it  to  B,  and  onward, 
m  the  same  line  prolong- 
ed, an  equal  distance  to  D. 
Take  any  other  convenient 
point,  E,  such  that  CE  and 
DE  produced  will  clear  the  obstacle.  Measure  from  E  to  A,  and 
onward,  an  equal  distance,  to  F.  Range  out  the  lines  FC  ani  DE 
to  their  intersection  in  G.  Range  out  FD  and  CE  to  inter- 
soot  in  H.  Measure  GH.  Its  middle  point,  P,  is  the  required 
point  in  the  line  of  AB  prolonged.  The  imavoidable  acute  inter> 
•ections  in  this  construction  are  objectionable. 
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B.  TO  nrrERPOLATE  POINTS  IN  A  LINE. 

C177)  The  most  distant  given  point  of  the  line  must  be  made 
as  conspicuous  as  possible,  by  any  efficient  means,  such  as  placing 
there  a  staff,  bearing  a  flag;  red  and  white,  if  seen  against 
woods,  or  other  dark  back-ground ;  and  red  and  green,  if  seen 
against  the  sky. 

A  convenient  and  portable  signal  is  shown  in  the  figure. 


^Hmi  View 


Fig.  115. 
Side  View. 


Back  View. 


m 


V 

The  figure  represents  a  disc  of  tm,  about  six  inches  in  diameter, 
painted  white  and  hinged  in  the  middle,  to  make  it  more  portable. 
It  is  kept  open  by  the  bar,  B,  being  turned  into  the  catch,  C. 
A.  screw,  S,  holds  the  disc  in  a  slit  in  the  top  of  the  pole. 

Anoilier  contrivance  is  a  strip  of  tin,  which  has  its  ends  bent 
Iwrizoiitally  in  contrary  directions.  As  the  wind  will  take  strong- 
est hold  of  the  side  which  is  concave  towards  it,  the  bent  strip  will 
coQianually  revolve,  and  thus  bo  very  conspicuous.  Its  upper  half 
cbonld  be  painted  red  and  its  lower  half  white. 

A  bright  tin  cone  set  on  the  staff,  can  be  seen  at  a  great  distance 
^beu  tie  sun  is  shining. 

178)  Ran^g  to  a  point,  thus  made  conspicuous,  is  very  sim- 
po  when  the  ground  is  leveL  The  surveyor  places  his  eye  at  tiie 
'^^^'^t  end  of  the  line,  or  stands  a  little  behind  a  rod  placed  on  it, 
™  t>y  ogns  moves  an  assbtant,  holding  a  rod  at  some  point  aa 
^ly  m  the  defflred  Ime  as  he  can  guess,  to  the  right  or  left,  till 
"•  ^  appears  to  cover  the  distant  point 
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When  a  Talley,  or  low  spot,  inter 
Fig.  118. 


(179)  Across  a  Talle]r> 

vonea  between  the  twoenda 
of  the  line,  A  and  Z  m  the 
figure,  a  rod  held  in  the 
low  place,  as  at  B,  ivould  = 
seldom  bo  high  enough  to 
be  Been,  from  A,  to  cover 
the  distant  rod  at  Z.     In  " 

each  a  case,  the  surveyor  at  A  should  h:ld  up  a  plumb-line  o»cr 
the  point,  at  arm's  length,  and  place  nis  eye  so  that  the  plumb4iiie 
covers  the  rod  at  Z.  lie  should  then  direct  the  rod  held  at  B  to 
be  moved  till  it  too  is  covered  by  the  plumb-line.  The  point  B  is 
then  said  to  be  "  in  line  "  between  A  and  Z.  In  geometrical  lan- 
guage, B  has  now  been  placed  in  the  vertical  piano  determined  by 
Lbe  vertical  plumb-line  and  the  point  Z.  Any  number  of  interme- 
diate points  can  thus  be  "  interpolated,"  or  placed  in  lino  between 
A  and  Z. 

(180)  Over  a  hill.     'U'hen  a  hill  riaca  between  two  points  ami 
prevents  one  being  seen  from  the  other,  as  in  the  figure,  (the  upper 


of  which  shows  the  iidl  m  "Elevation,"  and  the  lower  part  m 
"  Plan"),  bvo  observers,  B  and  C,  each  holding  a  rod,  may  place 
themselves  on  the  ridge,  in  the  hne  between  the  two  points,  as 
nearly  as  they  can  guess,  and  so  that  each  can  at  once  see  llic  other 
and  the  point  beyond  him.     B  looks  to  Z,  and  by  signals  puts  C 
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**  i&  fine."  C  theo  looks  to  A,  «nd  pats  B  in  lind  at  B'.  B  to- 
pekta  his  operation  from  B',  patting  C  at  C,  and  is  then  hunself 
moTfid  to  B",  and  so  they  alternately  "  line  "  each  other,  contiau- 
■H;  approshnatiQg  to  the  strtught  line  between  A  and  Z,  till  the; 
at  last  find  themselves  both  exactly  in  it,  at  B'"  and  C". 

(181)  A  fflD^e  person  may  put  himself  in  line  between  two 
pnntB,  (m  the  suae  principle,  by  laying  a  straight  stick  oa  some 
■Import,  going  to  each  end  of  it  in  turn,  and  making  it  point  buo- 
OMmrely  to  each  end  of  the  line.  Thj  "  Surroyor's  Gross,"  Art. 
(M),  is  convenient  for  this  purpose,  vhen  set  up  between  the  two 
^ren  pants,  and  moved  again  and  agm,  until,  by  repeated  trials, 
one  <f  its  shts  ughts  to  the  ^ven  points  when  looked  through  ia 
either  Erection. 

(182)  Om  water.    A  umple  instm-  fi^.  iis. 

ment  for  Qie  same  object,  is  represented  ^ 
in  die  figure.  AB  and  CD  are  two 
tibes,  about  1}  inches  m  diameter,  con- 
twted  by  a  smaller  tube  EF.  A  |Hece 
rf  Iwldng-glass,  GH,  is  placed  m  the 
bm  put  of  the  tube  AB,  and  another, 
KL,  m  the  tube  CD.  The  planes  of  < 
d»  two  mirrors  are  at  right  angles  to 
CMh  other.  The  eye  is  jdaced  at  A,  and 
tli«  bdw  AB  is  directed  to  any  distant 
otgeet,  IS  X,  and  any  other  object  be- 
Enad  the  observer,  as  Z,  will  be  seen,  ap- 
puentl;  under  the  first  object  in  the  nurror  GH,  by  reflection  from 
the  sarot  KL,  when  the  observer  has  succeeded  in  getting  in  line 
^x^nm  fte  two  objects.  M,  K,  are  screws  by  which  the  mirror 
KLiuy  be  adjusted.  The  distance  between  the  two  tubes  will 
CUM  ft  nnall  parallax,  which  will,  however,  be  insensible  except 
^^  two  objects  are  near  together. 
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venting     one 
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z 

Been  from  the 

■g,    ■'■^^f..y,       Ti'^t^>-Lr    2' 

otlier,  as  in  the  figure,  in  which  A  and  Z  are  the  ^ven  pointB,  pn^ 
ceed  thus.  Hold  a  rod  at  some  point  B'  as  nearly  in  the  desired 
line  from  A  as  can  be  guessed  at,  and  ba  far  from  A  as  posedble. 
To  approximate  to  the  proper  direction,  an  assetant  may  be  sent  to 
the  other  end  of  the  line^  and  his  shouts  will  indicate  the  direction ; 
or  a  gun  may  be  fired  there ;  or,  if  very  distant,  a  rocket  may  be 
sent  up  after  dark.  Then  range  out  the  "  random  line  "  AB',  by 
the  method  given  m  Art.  (1S9),  noting  also  the  distance  &om  A 
to  each  point  found,  till  you  arrive  at  a  point  Z',  opposite  to  the 
point  Z,  i.  e.  at  that  point  of  the  line  from  which  a  perpendicular 
there  erected  would  strike  the  point  Z.  Measure  Z'Z.  Then 
more  each  of  the  stakes,  perpendicularly  from  the  line  AZ',  a  dis- 
tance proportional  to  their  distances  from  A.  Thus,  if  A  7/  be 
1000  links,  and  Z'Z  be  10  links,  then  a  stake  B',  200  links  &oiu 
A,  should  be  moved  2  links  to  a  point  B,  which  will  be  in  the  de- 
sired strmght  line  AZ ;  if  C  be  400  links  from  A,  it  should  be 
moved  4  links  to  C,  and  so  nith  the  rest.  The  line  should  ihtm 
be  cleared,  and  the  accuracy  of  the  position,  of  these  stakes  tested 
by  ranging  from  A  to  Z. 


(181)  To  an  Inrlsible  inlersectloi.    Let  AB  and  CD  be  t 

lines,  which,  if  prolong-  ^'8-  i^o. 

ed,  would   meet  in   a  \:;^ '^'?^^^^.^^^*^fk^^^' 

point  Z,  invisible  from      "'■^■--., /i   ^^,^'^^^'^^^^^ 

either  of  them ;  and  let  "     ''^     " 

P  be  a  point,  from  which 

a  line  is  required  to  be 

set  out,  tending 

invisible     mtersection. 

Set  stakes  at  the  five  given  points,  A,  B,  C,  D,  P.     Set  a  m& 

stake  at  E,  in  the  alinements  of  AB  and  CF ;  and  a  seventh  stake 
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ftt  F,  in  tiie  alinements  of  BC  and  AP.    Then  set  an  eighth  stake 

at  6,  in  the  alinements  of  BE  and  DF.    PG  mil  be  the  required 

line. 

Otherwise ;  Through  P  range  out  a  parallel  to  the  line  BD. 

Note  the  points  where  this  parallel  meets  AB  and  CD,  and  oaD 

these  points  Q  and  R.     Then  the  distance  from  B,  on  the  line  BD, 

to  a  point  which  shall  be  in  the  required  line  running  from  P  to  the 

BDxQP 
ismble  point,  will  be  =  — Qg — 

II.   OBSTACLES  TO  MEASUREMENT. 

(18S)  The  cases,  in  which  the  direct  measurement  of  a  line  is 
prsTented  bj  various  obstacles,  may  be  reduced  to  three. 

A.  When  both  ends  of  the  line  are  accessible. 

B.  When  one  end  of  it  is  inaccessible. 

0.  When  both  ends  of  it  are  inaccessible. 

i.  WHEH  BOTH  ENDS  OF  THE  LINE  ARE  ACCESSIBLE. 

(IW)  By  perpendiculars.     On  fi-.  121. 

leaclung  the  obstacle,  as  at  A  in 
tlie  figare,'  set  off  a  perpendicular, 

AB;  torn  a  second  right  angle  at  B,  b  *-— ^~^C 

ttd  measure  past  the  obstacle ;  turn  a  third  right  angle  at  C ;  and 
BMunre  to  the  original  line  at  D.  GThen  will  the  measured  dis- 
tiDce,  BC,  be  equal  to  the  desired  distance,  AD. 

If  the  direction  of  the  line  is  also  unknown,  it  will  be  most  easily 
obtttned  by  tiie  additional  perpendiculars  shown  m  Hg.  109,  of 
Art.  (171). 

(187)  By  equilateral  triangles. 

lie  method  ^ven  in  Art.  (172),  for 
detemrining  the  direction  of  a  line 
throng  an  obstacle,  will  also  give  its 
lengtti;  for  m  Fig.  121'  (Kg.  110  re- 
puted) the  desired  distance  AG  is  equal 
te  fte  measured  distances  AD,  or  DG. 
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(188)  By  symmetrical  triangles. 

Let  AE  be  the  distance  required. 

Measure  from  A  obliquely  to  some 

pcnnt   C,  past  the  obstacle.     Mear 

sure  onward,  in  the  Bamo  line,  till 

CD  is  as  long  as  AC.     Place  stakes 

at  C  and  D.     From  B  meaaure  to 

C,  and  from  C  measure  onward,  in 

the  same  line,  till  CE  is  equEil  to  CB      Measure  ED,  and  it  trill 

be  equal  to  AE,  the  distance  reqmred.     If  more  convenient,  msLa   i 

CD  and  CE  equal,  reapectively,  to  half  of  AC  and  CB  ;  then  will    I 

AE  be  equal  to  twice  DE. 

(189)  By  iransTersals.      Lot  n-  , 

AB  be  the  required  [Ustancc.  Set 
a  stake,  C,  in  the  line  prolonged ; 
set  another  stake,  D,  so  that  C  and 
B  can  be  seen  from  it ;  and  a  third 
stake,  E,  m  the  line  of  BD  pro- 
bnged,  and  at  a  distance  from  D 
equal  to  the  distance  from  D  to  B. 

Set  a  fourth  stake,  F,  at  t!ie  intcrseelion  of  EA  and  CD.    MwBcw 
AC 


AC,  AF  and  FE.     Then  is  AB  = 


AF 


(FE— AF). 


Fig.  l=<. 


(190)  In  a  Town.  Cases  may  occur, 
in  the  streets  of  a  compactly  built  tomi, 
in  which  it  is  impossible  to  measure  along 
any  other  lines  than  thoao  of  the  streets. 
The  figure  represents  such  a  case,  in 
which  is  required  the  distance,  AB,  be- 
tween points  situated  on  two  etreeta  which 
meet  at  the  point  C,  and  between  which 
runs  a  cross^treet,  DE.  In  this  case 
measure  AC,  CE,  CD,  DE  and  CB. 
TLen   is   the   required   distance 


4 
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AB  =^|(AC  -BC)»  +  [DE»_(CB-CD)^].^g^| 

As  ihis  ezpreamon  is  somewhat  complicated,  an  example  will  be 
^▼en:  Let  AC  =  100,  CE  =  40,  CD  =  80,  DE  =  21,  and  CB 
«s80;  Oien  win  AB  =  51.7. 


B.    WHEN  ONE  END  OF  THE  LINE  IS  INACCESSIBLE. 

(IW)    By  perpeniUcidars.      This  principle         Fig.  125. 
■laj  be  applied  in  a  variety  of  ways.    In  Fig. 
125,  let  AB  be  the  required  distance.    At  the 
point  A,  set  off  AC,  perpendicular  to  AB,  and  of 
lay  convenient  length.    At  C,  set  off  a  perpen- 
dicular to  CB,  and  continue  it  to  a  point,  D,  in 
ihelmeof  A  and  B.    Measure  DA.     Then  is 
AC 


ABr= 


AD 


(192)  Othenvise :  At  the  pomt  A,  in  Fig. 
126,  set  off  a  perpendicular,  AC.  At  C  set 
off  aooiher  perpendicular,  CD.  Fmd  a  point, 
Ejinilie  line  of  AC,  and  BD.    Measure  AE 

todEa    Then  is  AB  =  :^^^^.  ^ 

If  EC  be  made  equal  to  AE,  and  D  be  set 
i&  die  line  of  BE,  and  also  in  the  perpendicular 
^  C,  then  will  CD  be  equal  to  AB. 

ffEO=  i  AE,  then  CD=  J  AB. 

(US)  Otherwise:  At  A,  in  Fig.  127,  mea- 
''^  a  perpendicular,  AC,  to  the  line  AB ;  and 
&taQyp(nnt,  as  D,  in  this  line,  set  off  a  perpen- 
dicular to  DB,  and  continue  it  to  a  point  E,  m 
*»  fine  of  CB.     Measure  DE  and  also  DA, 

DB  —  AO 


Fig.  126 


Fig.  127. 


CHAIN  SCRVETIIVG. 


(194)  By  parallels.     From  A  i 
AC,  in  any  conyenient  direction.     From  a 


point  D,  in  the  line  of  BC, 
parallel  to  CA,  to  a  point  E, 
AB.     Measure  also  AE. 

AC  X  AE 


Then  is  AB  = 


DE- 


a  line 

the  line  of 


(195)  By  a  paralielograin.  Set  a  stake,  C, 
in  the  line  of  A  and  B,  and  set  another  stake,  D, 
wherever  convenient.  With  a  distance  equal  to 
CD,  describe  from  A,  an  arc  on  the  ground ;  and, 
with  a  distance  equal  to  AC,  describe  another 
arc  from  D,  intersecting  the  first  arc  in  E.  Or, 
take  AC  and  CD,  bo  that  togetlier  they  make 
one  chain ;  fix  the  ends  of  the  chain  at  A  and  D ;  o  - 
take  hold  of  the  chain  at  such  a  link,  that  one  part  of  it  eijuala  AC, 
and  the  other  CD,  and  draw  it  tight  to  fix  the  point  E.  Set » 
stako  at  F,  in  the  mterscction  of  AE  and  DB.     Measure  AF  and 


EF.     Then  is  AB  = 


AC  X  AF 

KF 


;  or,  CB: 


AG  X  CD 

EF 


(I9fi)    By  symmetrical    triangles. 

Let  AE  be  the  required  distance.  From 
A  measure  a  line,  in  any  convenient  di- 
rection, as  AC,  and  measure  onward,  in  . 
the  same  direction,  till  CD  =  AC.  Take 
any  point  E  in  the  line  of  A  and  E. 
Measure  from  E  to  C,  and  onward  in  the 
same  lino,  till  OF  =  CE.  Then  find  by 
trial  a  pomt  G,  which  shall  bo  at  the 
same  time  in  the  line  of  C  and  B,  and  in  G 
the  line  of  D  and  F.  Measure  tlie  distance  from  G  to  D,  and  it 
will  be  equal  to  the  required  distance  from  A  to  E.  If  more  con- 
venient, make  CD  ^  \  AC,  and  CF  =  ^  CE,  as  shown  by  the 
Bnely  dotted  lines  in  the  figure.     Then  will  DG  =  ^  AB. 
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(197)     Otherwise :  Prolong  BA  to  Fig.  131. 

some  point  C.     Range  out  any  con- 

Tcment  line  CA',  and  measure  CA'  = 

OA.     The  triangle  CA^,  is  now  to  be 

reproduced  in  a  symmetrical  triangle,   ^ 

ffituatcd    on    the    accessible    ground,  b^ 

For  th]3  object,  take,  on  AC,  some  point 

D,  and  measure  CD'  =  CD.    Find  the 

point  E,  at  the  intersection  of  AD'  and  A'D.  Find  the  point  F, 
at  the  intersection  of  ATB  and  CE.  Lastly,  find  the  point  B',  at 
Oie  intersection  of  AF  and  CA'.  Then  wDl  A'B'  =  AB.  The 
^fmmetrical  points  have  corresponding  letters  affixed  to  them. 


(198)  By  transTersals.  Set  a  stake,  C, 
in  the  alinement  of  BA ;  a  second,  D,  at  any 
coQYement  point ;  a  third,  E,  in  the  line  CD ; 
and  a  fourth,  F,  at  the  intersection  of  the 
afinements  of  DA  and  EB.  Measure  AC, 
CE,  ED,  DF  and  FA.    Then  is 


Fig.  132. 


AB.= 


AC  X  AF  X  DE 


CE  X  DF  —  AF  X  DE*  E 

If  the  point  E  be  taken  in  the  middle  of  CD,  (as  it  is  in  the 

figure)  then  AB  =  ^^  ^  ^^ 


ACxDE 


DF  —  AF^ 
If  the  point  F  be  taken  in  the  middle  of  AD,  then  AB  =  ^^= — ^^,. 
The  minw*  signs  must  be  interpreted  as  in  Art.  (174). 


Big.  133. 


(IN)  By  harmonic  diyision.     Set 

stakes,  C  and  D,  on  each  side  of  A,  and 
80  that  the  three  are  in  the  same  straight 
line.  Set  a  third  stake  at  any  point,  E, 
of  the  line  AB.  Set  a  fourth,  F,  at  the 
intersection  of  CB  and  DE ;  and  a  fifth, 
6)  at  the  intersection  of  DB  and  CE. 
Sot  a  sixth  stake,  H,  at  the  intersection  ^  "■  '^ 

ofABandFG.    Measure  AE  and  EH.   Then  is  AB  =  ^|-^^. 


\ 
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(2M)  T»  u  tucctasMe  Um.    The 

sbortcst  distftDceXD, £rom  m g^Ten  jxunty  ^"^ 
C,  to  an  inaccesabk  stni^t  fine  AB,  is 
reqmr^.    From C let fiJlmperpendiciilir      ^p^^         T'|  >C 
to  AB,  bv  At  mctliod  of  Art  (U8).  \  /^/ 

llicn  set  a  stake  at  any  point,  £,  qq  the  -rK^ 

line  AC ;  set  a  second,  F,  at  ike  inter- 
section of  EB  and  CD;  a  tUxd,  6,  at  r 
die  incersection  of  AF  and  CB ;  and  a  fimrtli,  H,  at  ih»  uitflfie» 
lion  of  EQ  and  CD.    M easm  CH  and  HF.    Then  is 

OOtrrtriff ;  When  the  inaccessible  line  is  detenmned  hj  the 
moUiod  of  Art  (2IS)  or  (MS),  ^  distance  from  anj  jxnnt  to  it, 
can  l>e  at  once  measured  to  its  svmmetncal  representatiYe. 

(Ml)  Ta  ai  liarctssikte  lilmectiaB.  When  two  lines  (as 
AB,  CD,  in  tlie  figure)  meet  in  a  Fig.  135. 

riror,  a  building,  or  any  other 
iuiu'ces-^ble  point,  the  distance 
from  any  ix>int  of  either  to  their  *^ 
intersection,  DE,  for  example, 
may  be  found  thus.  Prom  anv 
point  B,  on  one  line,  measure  ^.^^^'^IL 
BD,  and  continue  it,  till  DF  ==  DB.  From  any  other  point,  G, 
of  die  former  line,  measure  GD,  and  continue  the  line  till  DH= GD. 
Continue  IIF  to  meet  DC  in  some  point  K.  Measure  KD.  KD 
will  be  eijual  to  Uie  desired  distance  DE. 

BE  can  be  found  by  measuring  FK,  which  is  equal  to  it. 

If  DF  and  DU,  Ih>  made  respectively  equal  to  one-half,  or  one- 
thinl,  Ac,  of  DB  and  DO,  then  will  KD  and  KF  be  respectiyely 
aqual  to  one-half  or  omvUnni,  &c,,  of  DE  and  BE, 
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C.  WHES  BOTH  ENDS  OF  THE  LINE  ARE  INACCESSIBLE. 


(202)  By  slBllar  triangles.      Let  AB 

be  the  inaccessible  distance.  Set  a  stake  at 
any  conyenient  point  C,  and  find  the  distan* 
ces  CA  and  GB,  bj  any  of  the  methods  just 
^ren.  Set  a  second  stake  at  any  pomt,  D, 
on  the  line  CA.  Measure  a  distance,  equal 
CB  X  CD 


Fig.  136. 


to 


CA 
BE.    Then  is  AB  = 


,  firom  C,  on  the  line  CB,  to  some  point  E.    Measure 
AC  X  BE 


CD 


If  more  convenient,  measure  CD  in  the   A 
contraiy  direction  firom  the  river,  as  in  Fig. 
137,  instead  of  towards  it,  and  in  other  re- 
spects proceed  as  before. 


Fig.  137. 


Fig.  138. 


A^ 


-3 


Fig.  139. 


(SB)  ty  ^MTMeh*  Let  AB  be  the  in- 
iocesdble  distance.  From  any  point,  as  C, 
nngeoat  a  parallel  to  AB,  as  in  Art.  (165), 
kc.  End  the  distance  CA,  by  Art.  (191), 
&c.  Set  a  stake  at  the  point  E,  the  inter- 
■wtioa  of  CA  and  DB,  and  measure  CE. 

(2N)  By  a  parallelogram.    Set 

*  stake  at  any  convenient  point  C.  '^^"^^ — 

Set  stakes  D  and  E,  anywhere  in 

4o  almements  CA  and  CB.    With 

J^  as  a  centre,  and  a  length  of  the 

chain  equal  to  CE,  describe  an  arc ; 

and  with  E  as  a  centre,  and  a  length 

rf  the  cham  equal  to  CD,  describe  another  arc,  intersectmg  {bo 

fcnner  one  at  F.    A  parallelogram,  CDEF,  will  thus  be  formed. 

8«t  stakes  at  G  and  H,  where  the  alinements  DB  and  EA  inter- 

^^  4e  ffldes  of  this  parallelogram.    Measure  CD,  DF,  GF,  FH, 
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J  „^      ,m.     ■  1.     v.  «n       CDxDl'xGH 

and  HG.     The  inaccessible  (Ustnnco  All  — 


FU  X  KU 


IfCD  =  0E,.he„AB  =  2^Jl™. 


(30J)  By  ftJiDinetrical  triangles.     Take  anj  convenient  point, 

as  C.     Set  stakes  at  two  other  F't'-  nu- 

points,  D  and  D',  in  the  same 

line,  and  at  equal  distances 

from  C.     Take  a  point  E,  in 

the  line  of  AD ;  measure  from 

it  to  C,  and  onward  till  CE' 

=  CE.     Take  a  point  F  in 

the  line  of  BD  ;  measure  from 

it  to  C,  and  onward  till  CF'  = 

CF.     Range  out  the  linos  AC 

and  E'D',  and  sot  a  stake  at 

their  interaection,  A'.    Range 

out  the  lines  BC  and  F'D',  and  set  a  stake  at  their  interaeotion, 

B'.     Measure  A'B'.     It  will  be  equal  to  the  desired  distance  AB. 


(206)  OlJierwise :  Take 
any  convenient  point,  aa  C, 
'and  set  o^  equal  distances 
on  each  side  of  it,  in  the 
line  of  CA,  to  D  and  D'.  Set 
off  the  same  distances  from 
C,  in  the  line  of  CB,  to  E  and 
E'.  Through  C,  set  out  a 
parallel  to  DE,  or  D'E',  and 
set  stakes  at  the  points  F 
and  F'  where  this  parallel 
intersects  AE'  and  ED'. 
Range  out  the  lines  AD'  and  EF',  and  set  a  stake  at  their  into^ 
flection  A'.  Range  out  the  lines  BE'  and  DF,  and  set  a  stake  at 
their  intersection  B'.  Measure  A'B',  and  it  -will  be  equal  to  tli« 
de^ed  distance  AB. 
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The  easiest  metihod  of  setting  out  the  parallel  in  the  above  case, 

is  to  fix  the  middle  of  the  chain  at  the  point  G,  and  its  ends  on  the 

lines  CD,  CE' ;  then  carry  the  middle  of  the  chain  from  C  towards 

¥,  and  mark  the  point  to  which  it  reaches ;  and  repeat  this  on  the 

other  side  of  C,  as  shown  by  the  finely  dotted  lines  in  the  figure. 

INACCESSIBLE   AREAS. 

(207)    TriaBgles.    In  the  case  of  a  triangular  field,  in  which 
one  ade  cannot  be  measured,  or  determined  by  any  of  the  methods 
]Q8t  giren,  the  two  accessible  sides  may  be  prolonged  to  their  full 
length,  and  an  equal  symmetrical  triangle  formed,  aU  of  whose  sides 
caa  be  measured.    Thus  in  Fig.  102,  page  103,  if  CDE  bo  the 
origboal  triangle,  of  which  the  side  EG  is  inaccessible,  DFP  will  be 
equal  to  it    But  if  this  also  be  impossible,  por- 
tions of  the  udes  may  be  measured,  as  AD,  AE,  B 
in  ihe  figure  in  the  mar^,  and  also  DE,  and 
tho  area  of  this  triangle  found  by  any  of  the 
mediods  which  have  been  given.    Then  is  the 
area  of  the  triangle  ABC  =  area  of 
AB  X  AC 


Fig.H2. 


ADE  X 


AD  X  AE' 


(MS)  Qvadrilaterals*  In  the  case 
of  a  foiu>sided  field,  whose  sides  cannot 
be  measured,  or  prolonged,  but  whose 
diagonals  can  be  measured,  the  area 
^J  be  obtained  thus.  Measure  the 
%OQaIs  AC  and  BD;  and  also  the 
portions  AE,  EC,  into  which  one  of 
them  is  divided  by  the  other.     Calcu-  _ 

late  the  area  of  the  triangle  BCE,by  the  precedmg  method,  or  any 
of  those  heretofore  given.     Then  the  area  of  the  quadrilateral 

ABCD  =  area  of  BCE  x  4S-^^. 

BE  X  CE 

(2M)  Polygons.  Methods  for  obtaining  the  areas  of  mac* 
cessible  fields  of  more  than  four  sides,  have  been  ^ven  in  Arts. 
(lOI,)  4c. 
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OR 

By  the  Third  Method. 
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ANGVLiR  SVRTETING  TS  GENERAL. 

(210)  Angular  Surveying  detennines  the  relative  positions  of 
points,  aud  therefore  of  lines,  on  the  Third  principle,  as  ex- 
plained in  Art.  (7),  which  should  now  be  referred  to. 

(211)  When  the  two  lines  which  form  an  angle  lie  in  the  same 
horizontal  or  level  plane,  the  angle  is  called  a  horizontal  angle.* 

When  these  lines  lie  in  a  plane  perpendicular  to  the  former,  the 
angle  is  called  a  vertical  angle. 

When  one  of  the  lines  is  horizontal  and  the  other  line  from  the 
eye  of  the  observer  passes  above  the  former,  and  in  the  same  ver- 
tical plane,  the  angle  is\  called  an  angle  of  elevation. 

When  the  latter  line  passes  below  the  horizontal  line,  and  in  the 
same  vertical  plane,  the  angle  is  called  an  angle  of  depres8io7i. 

When  the  two  lines  which  form  an  angle,  lie  in  other  planes 
which  make  oblique  angles  with  each  of  the  former  planes,  the 
angle  is  called  an  oblique  angle. 

Horizontal  angles  are  the  only  angles  employed  in  common  land 
lurveying. 

*  A  plane  is  said  to  be  horizontal,  or  Uvd,  when  it  is  parallel  to  tbe  surface  ot 
ftanding  water,  or  perpendicular  to  a  plumb-line.     A  line  is  horizontal  when  it 
lief  in  a  horizontal  plane. 
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(212)  The  angles  between  the  directions  of  two  lines,  which  it 
is  necessary  to  measure,  may  be  obtained  by  a  great  variety  of  in« 
stniments.  All  of  them  are  in  substance  mere  modifications  of  the 
yery  ample  one  which  will  now  be  described,  and  which  any  one 
Can  make  for  himself. 


Fig.  144. 


(213)  Provide  a  circular  piece  of 
wood,  and  divide  its  circumference 
(by  any  of  the  methods  of  Geometri- 
cal Drafting)  into  three  hundred  and 
Bzty  equal  parts,  or  ^^  Degrees,"  and 
number  tiiem  as  in  the  figure.    The 
di^ons  will  be  like  those  of  a  watch 
&ce,  but  fflx  times  as  many.    These 
divisions  are  termed    graduations. 
The  figure  shows  only  every  fifteenth 
(me.    In  the  centre  of  the  circle, 
fix  a  needle,  or  sharp-pointed  wire,  and  upon  this  fix  a  straight 
stick,  or  thin  ruler  placed  edge-wise,  (called  an  alidade)  y  so  that 
it  tDay  turn  fireely  on  this  point  and  nearly  touch  the  graduations 
«f  liie  circle.    Fasten  the  circle  on  a  staff,  pointed  at  the  other  end, 
and  long  enough  to  bring  the  alidade  to  the  height  of  the  eyes. 
The  iDstrament  is  now  complete.    It  may  be  called  a  G^oniometer^ 
m  An^e-measurer. 


Fig.  145. 


--C 


(211)  Now  let  it  be  required  to  measure 
the  angle  between  the  lines  AB  and  AC.  Hx 
the  staff  in  the  ground,  so  that  its  centre  shall 
be  exactly  over  the  intersection  of  the  two 
lines.  Turn  the  alidade,  so  that  it  points,  (as 
detennined  by  sighting  along  it)  to  a  rod,  or 
other  mark  at  B,  a  point  on  one  of  the  lines,  and  note  what  degree 
it  covers,  i.  e.  "  The  Reading."  Then,  without  disturbing  the 
circle,  turn  the  alidade  till  it  points  to  C,  a  point  on  the  other  I'me. 
Note  the  new  reading.  The  difference  of  these  readings,  (in  the 
%ire,  45  degrees),  is  the  difference  in  the  directions  of  the  two 
lines,  or  is  the  angle  which  one  makes  with  the  other.    If  the  dis 
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tance  from  A  to  C  bo  now  measured,  the  point  C  ie  "  determined,'' 
with  respect  to  the  points  A  and  B,  on  the  Third  Principle.  Abj 
number  of  points  may  be  thus  determined. 

(215)  Instead  of  the  very  simple  and  rude  alidade,  which  has 
been  anppoaed  to  bo  used,  needles  may  be  fixed  on  each  eod  of  the 
alidade ;  or  sights  may  be  added,  such  as  those  described  in  Art. 
(108)  ;  or  a  small  straight  tube  may  be  used,  one  end  being  coTe^ 
ed  with  a  piece  of  pasteboard  in  which  a  very  small  eye  hole  ii 
pierced,  and  threads,  called  "  cross-hairs,"  being  stretch-  ^ -5  !*"■ 
ed  across  the  other  end  of  it,  as  in  the  figure  ;  so  that  (*)  i^ 
their  intersection  may  give  a  more  precise  line  for  determining  the 
direction  of  any  point. 

(216)  When  a  telescope  is  substituted  for  this  tube,  and  sup- 
ported in  such  a  way  that  it  can  turn  over,  so  as  to  look  both  baok- 
wardfl  and  forwards,  the  insti'umcnt  (with  various  other  additions, 
which  however  do  not  affect  tho  principle),  is  called  the  Enffineeri 
Transit. 

"With  the  addition  of  a  level,  and  a  vertical  circle,  for  measuring 
vertical  angles,  the  instrument  becomes  a  Theodolite ;  in  which, 
however,  the  t«lescopo  dijes  not  usually  admit  of  being  turned  over. 


(217)  Tho  Compass  differs  from  the  instruments  which  have 
been  described,  in  tho  following  respect.  They  all  measure  tlie 
angle  which  one  line  makes  with  another.  The  compass  measures 
the  angle  which  each  of  these  lines  makes  with  a  third  line,  viz: 
that  shown  by  the  magnetic  needle,  which  always  points  (approxi- 
mately) in  the  same  direction,  i.  o.  North  and  Soutli,  F's- 1*'- 
in  the  Magnetic  Meridian.  ITius,  in  the  figui-e,  tiio 
line  AJJ  makes  an  angle  of  30  dcgi-ees  with  the  line 
AN,  and  the  line  AC  makes  an  »ngle  of  75  de-  ?^s.^ 

grees  with  AN.     Tho  difference  of  these  angles,  ^  ^    ,-''■— 
or  45  degrees,  is   the   angle   which  AC  makes  ^  ^ 
with  AB,  agreeing  with  the  result  obtained  ii 
Art  (214). 
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C818)  Surveying  with  the  compass  is,  therefore,  a  less  direct 

operation  than  suryejing  with  the  Transit  or  Theodolite.     But  as 

&e  nse  of  the  compass  is  much  more  rapid  and  easy  (only  one  sight 

foid  reading  at  each  station  being  necessary,  instead  of  two,  as  in 

&e  former  case),  for  this  reason,  as  well  as  for  its  smaller  cost,  it 

iB&e  instrument  most  commonly  employed  m  land  surveying  in 

9ns  country,  in  spite  of  its  imperfections  and  inaccuracies. 

I      As  many  may  wish  to  learn  "  Surveying  with  the  Compass," 

liftwit  being  obliged  to  previously  learn  "  Surveying  with  the 

Trttsit,"  (which  properly,  being  more  simple  in  principle,  though 

hss  80  b  practice,  should  precede  it,  but  which  will  be  considered 

in  Part  IV),  we  will  first  take  up  Compass  Sukveying. 

(lit)  Angular  Surveying  in  general,  and  therefore  Compass 
Sarrejing,  may  employ  either  of  the  3d,  4th  and  5th  methods  of 
determining  the  position  of  a  point,  ^ven  in  Part  I ;  that  is,  any 
bstniment  which  measures  angles  may  be  employed  for  Polar ^ 
Trmgularj  or  Trilinear  Surveying.  The  first  of  these.  Polar 
Siir?epg,i8  the  one  most  commonly  adopted  for  the  compass,  and 
istterefore  the  one  which  will  be  specially  explamed  in  this  part. 

(Die  same  method,  as  employed  with  the  Transit  and  Theodolite, 
^beezfJained  in  the  following  part. 

^4{h  and  5th  methods  will  be  explained  in  the  next  two  parts. 

(iSH)  The  method  of  Polar  Surveying  embraces  two  minor 
methods.  The  most  usual  one  consists  in  going  around  the  field 
wiAthe  mstrument,  setting  it  at  each  comer  and  measuring  theje 
the  angle  which  each  side  makes  with  its  neighbor,  as  well  ns  the 
length  of  each  ude.  This  method  is  called  by  the  French  the  me- 
&od  tf  ChemineTneTvt,  It  has  no  special  name  in  English,  but  may 
be  called  (from  the  American  verb,  To  progress),  the  Method  of 
Pngmiian.  The  other  system,  the  Method  of  Radiation^  con- 
^  in  settms  the  instrument  at  one  point,  and  thence  measuring 
&e  direction  and  distance  of  each  comer  of  the  field,  or  other 
object.  The  corresponding  name  of  what  we  have  called  Triangu* 
lar  Surveying  is  the  Method  of  Intersections  ;  since  it  determines 
pointB  by  the  intersections  of  straight  lines. 


CHAPTER  n. 

THE  COMPASS. 

(221)  The  Needle.  The  most  essential  part  of  the  compass  is 
the  magnetic  needle.  It  is  a  slender  bar  of  steel,  usually  five  or 
six  inches  long,  strongly  magnetized,  and  balanced  on  a  pivot,  so 
that  it  may  turn  fireely,  and  th{is  be  enabled  to  continue  pointing 
in  the  same  direction  (that  of  the  "  Magnetic  MericUan^^  approxi- 
mately North  and  South)  however  much  the  "  Compass  Box,"  to 
which  the  pvot  is  attached,  may  be  turned  around. 

As  it  is  important  that  the  needle  should  move  with  the  least 
possible  friction,  the  pivot  should  be  of  the  hardest  steel  ground  to 
a  very  sharp  point ;  and  in  the  centre  of  the  needle,  which  is  to 
rest  on  the  pivot,  should  be  inserted  a  cap  of  agate,  or  other  hard 
material.  Indium  for  the  pivot,  and  ruby  for  the  cap,  are  still 
better. 

If  the  needle  be  balanced  on  its  pivot  before  being  magnetized, 
one  end  will  sink,  or  "  Dip,"  after  the  needle  is  magnetized.  To 
bring  it  to  a  level,  several  coils  of  wire  are  wound  around  the  nee- 
dle so  that  they  can  be  slid  along  it,  to  adjust  the  weight  of  its  two 
ends  and  balance  it  more  perfectiy. 

The  North  end  of  the  needle  is  usually  cut  into  a  more  orna- 
mental form  than  the  South  end,  for  the  sake  of  distinction. 

The  principal  requisites  of  a  compass  needle  are,  intensity  of  di- 
rective force  and  susceptibility.  "Shear  steel"  was  found  by 
Capt.  Kater  to  be  the  kind  capable  of  receiving  the  greatest  mag- 
netic force.  The  best  form  is  that  of  a  rhomboid.  Fig.  149. 
or  lozenge,  cut  out  in  the  middle,  so  as  to  dimi- 
nish the  extent  of  surface  in  proportion  to  the 
mass,  as  it  is  the  latter 'on  which  the  directive  force  depends.  Be- 
yond a  certain  limit,  say  five  inches,  no  additional  power  is  gained 
by  increasing  the  length  of  the  needle.  On  the  contrary,  longer 
OBCS  are  apt  to  have  their  strength  diminished  by  several  consecu- 
tive poles  being  formed.  Short  needles,  made  very  hard,  are 
therefore  to  bo  preferred* 
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The  needle  should  not  come  to  rest  very  quickly.  If  it  does,  it 
indicates  either  that  it  is  weakly  magnetized,  or  that  the  friction  on 
the  pivot  is  great.  Its  eeositivcness  is  indicated  by  the  number  of 
vibrationa  which  it  makes  in  a  smalt  space  before  coming  to  rest. 

A  screw,  with  a  milled  head,  on  the  under  side  of  the  plate 
which  supports  the  pivot,  ia  used  to  raise  the  needle  off  thia  pivot, 
when  the  instrument  is  carried  about,  to  prevent  the  point  bemg 
dolled  by  unnecessary  friction. 


(222)  The  Sights.  Next  after  the  needle,  which  ^vcs  the  di 
reckon  of  the  fixed  line,  whose  angles  with  the  lines  to  bo  survey- 
ed are  to  be  measured,  should  be  noticed  the  Sights,  which  show 
the  directions  of  these  last  lines.  At  each  end  of  a  line  passing 
through  the  pivot  is  placed  a  "  Sight,"  consisting  of  an  upright  bar 
of  brass,  vnth  opemnga  in  it  of  various  forma ;  usually  cither  slits, 
with  a  circular  aperture  at  their  top  and  bottom';  or  of  the  form 
described  in  Art.  (lOfi) ;  aU  these  arrangements  being  intended  to 
enable  the  line  of  sight  to  be  directed  to  any  desired  object,  Tntb 
precision. 

(223)  A  Telescope  which  can  move  up  and  down  in  a  vertical 
plane,  i.  e.  a  plun^g  telescope,  or  one  which  can  turn  completely 
over,  is  sometimes  substituted  for  the  sights.  It  has  the  great 
advantage  of  ^ving  more  distinct  vision  at  long  distances,  and  of 
admitting  of  sights  up  and  down  very  steep  slopes.  Its  accuracy 
of  vision  is  however  rendered  nugatory  by  the  want  of  precision  in 
tlie  readings  of  the  needle.  If  a  telescopo  be  apphed  to  the  com^ 
pass,  a  graduated  circle  witli  vernier  slioold  bo  added,  thus  cea- 
verting  the  compass  into  a  "Transit."  Tlie  Telescope  will  be 
found  minutely  described  in  Part  IV,  "  Transit  Surveying." 


(22-1)  The  divided  cirrlt,  We  now  have  the  means  of  indi- 
cating the  directions  of  the  two  lines  whose  angle  is  to  be  measu> 
ed.  The  number  of  degrees  contained  in  it  is  to  be  road  from  a 
circle,  divided  into  degrees,  in  the  centre  of  which  is  fised  the 
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{irot  be&ring  the  needle.     The  graduations  are  usual);  made  to 

half  s  degree,  and  a  quarter  of  a  degree  or  less  can  then  be  "  esti- 

mittd,"    The  pivot  and  needle  are  Bunk  in  a  circular  box,  bo  that 

its  b^  may  be  on  a  level  with  the  needle.     The  graduations  are 

mafljmado  on  the  top  of  the  surrounding  rim  of  the  box,  but 

ihould  ilsD  be  continued  down  its  inside  circumference  so  that  it  m&y 

be  euier  to  see  with  what  division  the  ends  of  the  needle  coincide. 

Hie  degrees  are  not  numbered  consecutavel;  from  0°  around  to 

SOIf;  but  run  from  0°  to  90°,  both  wajs  from  the  two  diometri* 

cill;  opposite  points  at  which  a  line,  passing  through  the  slits  in  the 

und^  of  Ae  sights,  would  meet  the  divided  <nrcle. 

Hie  lettering  of'  the  Surreyor's  Compass  has  one  important  dif 
femice  from  that  of  the  Mariner's  Compass. 

Wlten  we  stand  facing  the  North,  the  East  b  on  our  right  hand, 
ud  Qie  West  on  our  left.  The  graduated  card  of  the  Mariner's 
Conpas  which  is  fastened  to  the  needle,  and^  turns  with  it,  is 
laAxA  accordingly.  But,  in  the  Surveyor's  compass,  one  of  the 
OpontB  being  marked  N,  or  North,  (or  indicated  by  a  fleui^e- 
fa,)  ud  the  opposite  one  S,  or  South,  the  9CMlegrees-point  on  the 
f^if  rf  this  line,  as  you  stand  at  the  S  end  and  look  towards  the 
K,  ig  marked  W,  or  West ;  and  the  left  hand  9(Megrees-point  is 
"vW  E,  or  East.  The  reason  of  this  will  be  seen  when  the 
fflrthod  of  umng  the  compass  comes  to  be  explained  in  the  following 
di^iter. 


(iU)  Tke  PoiltS.  Inor- 
dinary land  surveying,  only  four 
pnota  of  the  compass  have 
MJiK8,vii:  North,  South,  East 
"^  West ;  the  direction  of  a 
line  bebg  described  by  the  an- 
ffo  wHoh  it  makes  with  a  North 
«>dSonailine,toit8Eastor  to  W*^ 
'"•WeBt.  But  for  nautical  pur-  Vfr^*^! 
P**',  the  drele  of  the  compass 
■  fivided  into  32  points,  the 
''•■''W  of  which  are  shown  in 
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the  figure.  Two  ruiea  embrace  all  the  cases.  1°  When  Ha 
letters  indicating  two  points  are  joined  together,  the  point  half  way 
between  tiie  two  is  meant ;  thus,  N.  E.  is  half  waj  between  North 
and  Eaat ;  and  N.  N.  E.  is  half  way  between  North  and  North 
East.  2°  When  the  letters  of  two  points  are  joined  together 
with  the  intennodiate  word  hi/,  it  indicates  the  point  which  comes 
next  after  the  first,  in  going  towards  the  second ;  thus,  N.  by  E,  ia 
the  point  which  follows  North  in  going  towards  the  East ;  S.  E.  &jr 
S.  is  the  next  point  from  South  East,  going  towards  the  SouQi. 

(226)  EccentrfcUy.     The  centre-pin,  or  pivot  of  the  needle, 

ought  to  be  exactly  in  the  centre  of  the  graduated  cii'cle ;  the  net- 
die  ought  to  bo  straight ;  and  the  line  of  the  sights  ought  to  pass 
exactly  tlirough  this  centi'e  and  through  the  0  points  of  the  circle. 
If  this  Ls  not  the  case,  there  will  be  an  error  in  every  obseiration. 
This  J3  called  the  error  of  Bcemtndty. 

When  the  maker  of  a  compass  is  about  to  fix  the  pivot  in  place, 
he  is  in  doubt  of  two  things ;  whether  the  needle  is  perfectly  straight, 
and  whether  the  pivot  is  exactly  in  the  cen- 
tre. Li  figures  151  and  152,  both  of  these 
are  represented  as  being  excessively  in 


,  to  examine  if  the  needle  be 
Btrai^t.  Fix  the  pivot  temporarily,  so 
that  the  ends  of  the  needle  may  cut  oppo- 
site degrees,  i.  e.  degrees  differing  by 
180^.  T!ie  condition  of  things  at  this 
stage  of  progress,  will  be  represented  by 
Fig.  151.  Then  turn  the  compass-box 
half  way  around.  The  error  will  now  bo 
doubled,  as  is  shown  by  Fig.  152,  in  which 
the  former  position  of  the  needle  is  indi- 
cate! by  a  dotted  line.*  Now  bend  the 
needle,  as  in  Fig.  153,  till  it  cuts  divi- 
■ions  midway  between  those  cut  by  it  in 

•  T!iH  ii  Biiollicr  exnmple  of  llio  fruilful  princit 
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its  present  and  in  its  former  position 
This  makes  it  certain  that  the  needle  is 
straight,  or  that  its  two  ends  and  its  cen- 
tre lie  in  the  same  straight  line. 

Secondly  J  to  put  the  pivot  in  the  cen- 
tre. Move  it  till  the  straightened  needle 
eats  opposite  divisions.  It  is  then  certain 
that  the  direction  of  the  needle  passes 
tibxoogh  the  centre.  Tom  the  compass 
box  one-quarter  around,  and  if  the  needle  does  not  then  cut  oppo- 
fflte  divimons,  move  the  pivot  till  it  does.  Repeat  the  operation  in 
yarious  positions  of  the  box.  It  will  be  a  sufficient  test  if  it  cuts 
tiie  opposite  divisions  of  0°,  45^  and  90^. 

To  fix  the  sights  precisely  in  line,  draw  a  hair  through  their  slits 
and  move  them  till  the  hair  passes  over  the  0  points  on  the  circle. 

The  surveyor  can  also  examine  for  himself,  by  the  principle  of 
Reversion,  whether  the  line  of  the  sights  passes  through  the  centre 
or  not.  Sight  to  any  very  near  object.  Read  oflF  the  number  of 
degrees  indicated  by  one  end  of  the  needle.*  Then  turn  the  com- 
pass half  around,  and  sight  to  the  same  object.  If  the  two  read- 
ings do  not  agree,  there  is  an  error  of  eccentricity,  and  the  arith* 
metical  mean,  or  half  sum  of  the  two  readings  is  the  correct  one. 

Fig.  155. 


Fig.  154. 


In  Fig.  154,  the  line  of  sight  AB  is  represented  as  passing  to 
one  side  of  the  centre,  and  the  needle  as  pointing  to  46°.  In  Fig. 
155,  the  compass  is  supposed  to  have  been  turned  half  around  and 
the  other  end  of  the  sights  to  be  directed  to  the  same  object. 
Suppose  that  the  needle  would  have  pointed  to  45°,  if  the  line  of 
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Bight  bad  passed  through  the  centre.  The  needle  will  now  pcnnt 
to  44=',  Uie  error  being  doubled  by  the  reversion,  and  the  tnw 
reading  being  the  meau. 

'This  docs  not,  however,  mate  it  certain  that  the  line  of  the 
sights  passes  through  the  0  points,  which  can  only  be  tested  by  tho 
hair,  as  mendoned  above. 

(227)  Levels.  On  the  compass  plate  are  two  small  spiiit  levels. 
They  consist  of  glass  tubes,  slightly  curved  upwards,  and  nearl; 
filled  with  alcohol,  leaving  a  bubble  of  air  within  them.  They 
aro  so  adjusted  that  when  the'  bubbles  are  in  the  centres  of  tie 
tubes,  tho  plate  of  the  compass  shall  be  level.  One  of  them  lies  in 
tho  direction  of  the  sights,  and  the  ether  at  right  angles  to  this 
direction. 

(228)  Tangent  Stale.  This  is  a  convenient,  though  not  essen- 
tial, addition  to  the  compass,  for  the  purpose  of  measuting  &e 
slopes  of  gi-ound,  so  that  the  proper  allowance  in  chaining  may  be 
made.  In  the  figure  of  the  compass,  page  126,  may  be  seen,  od 
the  edge  of  the  left  hand  sight,  a  small  projection  of  brass  with  a 
hole  through  it.  On  the  edge  of  the  other  sight  are  engraved 
lines  numbered  from  C  to  20'',  the  0°  being  of  the  same  height 
above  tho  compass  plate  that  t!ie  eye-hole  is.  To  use  this,  set  tiie 
compass  at  the  bottom  of  a  slope,  and  at  the  top  set  a  signal  of 
exactly  the  height  of  the  eye-hole  from  the  ground.  Level  the 
compass  veiy  carefully,  particulai'ly  by  the  level  which  lies  length- 
ivise,  and,  with  the  eye  at  the  eye-hole,  look  to  the  signal  and  note 
the  number  of  the  division  on  the  farthej  sight  which  is  cut  by  tho 
visual  ray.  That  will  be  the  angle  of  the  slope ;  tho  distances  of 
the  engraved  lines  from  the  O'^  line  being  tangents  (for  the  radtui 
equal  to  the  distance  between  the  sights)  of  tho  angles  correspond- 
ing to  the  numbers  of  the  lines. 

(229)  Ternlcr,     The  compass  box  is  connected  with  the  plate, 

which  carries  it  and  the  sights,  so  that  it  can  turn  around  on  Gaa 
[date.  This  motion  is  given  to  it  by  a  screw,  (called  a  slow-mo 
ton,  or  Tangent  screw),  the  head  of  which  is  the  nearest  one  in 
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Uie  figure  on  page  126.  If  two  marks  be  made  oppoBite  to  each 
other,  one  on  tho  projectdng  part  of  the  compaaa  box,  and  the  other 
on  the  plate  to  which  the  eights  aro  fastened,  these  marks  will  sepEt- 
rata  when  the  slow-motion  screw  is  turned.  Their  distance  apart 
(In  angtttftr  measnremcnt,  i.  e.  fractions  of  a  circle),  in  any  po^ 
tioQ,  18  meaanred  by  a  contrivance  called  a  Vernier,  which  is  the 
mintttdy  divided  arc  of  a  circle  seen  between  the  left  hand  sight 
and  flie  compass  box.  It  will  be  better  to  defer  explaining  the 
mode  of  reading  the  Ternier  for  the  present,  since  it  is  rarely  used 
niQi  die  compass,  and  an  entire  chapter  will  be  g^ven  to  it  in  Part 
rV.  Ita  principle  is  similar  to  that  of  the  Vernier  Scale,  described 
in  Art.  (£0)-  Its  applications  in  "  Field-work "  will  be  noticed 
under  that  head. 


■^^^ 


(230)  Trlpodi  The  compass,  like  most  surveying  instruments, 
)B  usually  supported  on  a  Tripod,  consisting  of  three  legs,  shod  with 
iron,  and  so  connected  at  top  as  to  be  movable  in  any  direction. 
There  are  many  forms 

of  these.      Lightiiess         "^'s- '=«■  »^'e- '"■ 

and  etiffiiess  are  the 
qualities  desured.  The 
nuwt  usual  form  is 
shewn  in  the  figures 
of  the  Transit  and  the 
Theodolite;  at  the  be- 

pnning    of    Part    IV. 

Of  the  two  represent- 
ed in  Figs.  156  and 
157,  the  first  has  the 
advantage  of  being  ve- 
ry easily  and  cheaply 
made  ;  and  the  second 
that  of  being  light  and 
jet  capable  of  very  firmly  resisting  horizontal  torsion. 

The  joints,  by  which  the  instrument  is  connected  with  the'tripod, 
are  also  various.  Fig.  158  is  the  "  Ball-and-socket  joint,"  most 
nsnaJ  in  this  country.     It  takes  its  name  from  the  ball,  in  which 
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terminatea  tlio  covered  spindle  ivhicli  outers  a  corresponding  cavity 
under  the  compass  plate,  and  the  socket  in  wliich  this  bi:d1  toinfl. 
It  admits  of  motion  in  any  direction,  and  can  be  tightened  or  looA- 
oned  by  turning  tho  upper  half  of  the  hollow  piece  euclofflng  it, 
which  is  screwed  on  the  lower  half.  Fig.  159  is  called  the  "  Shell- 
joint."  In  it  the  two  shell-shaped  pieces  enclosing  the  ball  are 
tightened  by  a  thumb-screw.  Fig.  160,  ia  "  Cugnot's  joint."  It 
consists  of  two  cyhnders,  placed  at  right  angles  to  each  other,  and 
through  the  axes  of  which  paaa  bolts,  ivhich  turn  freely  in  the  cyhn- 
der  and  can  be  tightened  or  loosened  by  thumb-screws  at  their 
ends.  The  combination  of  the  two  motions  which  tliis  joint  penoita, 
enables  the  instrument  which  it  carries,  to  be  placed  in  any  desired 
pontion.     This  joint  is  much  the  most  stable  of  the  tlirec. 


(231)  Jacob's  Staff,  A  single  leg,  called  a  "Jacob's  Sta^" 
haa  some  advantages,  as  it  is  lighter  to  carry  in  the  field,  and  can 
be  made  of  any  wood  on  the  spot  where  it  is  to  be  used,  thus  sa' 
ing  tho  expense  of  a  tripod  and  the  trouble  of  its  transportation 
Its  upper  end  is  fitted  into  the  lower  end  of  a  brass  head  which  bu 
a  baJl  and  socket  joint,  and  axis  above.  Its  lower  end  should  be 
shod  with  iron,  and  a  spite  running  through  it  is  useful  for  pressing 
it  into  the  ground  with  the  foot.  Of  course  it  cannot  be  conven- 
iently used  on  frozen  ground,  or  on  pavements.  It  may,  however, 
be  set  before  or  behind  the  spot  at  which  tho  angle  is  to  be  mea- 
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sored,  provided  that  it  is  placed  ystj  precisely  in  Uie  Une  of  direo 
tioQ  from  th&t  station  to  the  one  to  which  a  sight  is  to  be  taken. 

(232)  The  Frlsnatlc  Compass.  The  peculiaritj  of  this  iustro- 
meiit  (often  called  Schmalcalder's)  is  that  a  glass  triangular  piism 
is  Bubstitated  for  one  of  the  sights.  Sunk  a  prism  has  this  peculiar 
property  that  at  the  same  time,  it  can  bo  seen  through,  so  that  a 
nght  caa  be  taken  through  it,  aod  that  its  upper  suiface  reflects 
like  a  mirror,  so  that  the  numbers  of  the  degrees  immediately  under 
it»  can  be  read  off  at  the  same  time  that  a  sight  to  any  object  is 
taken.  Another  peculiarity,  necessary  for  profiting  by  the  last 
(me,  is,  tliat  the  divided  circle  is  not  fixed,  but  is  a  card  fastened 
to  the  needle  and  moving  around  with  it,  as  in  the  Mariner's  Com- 
pass. The  minute  description,  which  follows,  b  condensed  from 
Simms. 

L»  the  figure,  A  repre-  ^'e-  '^i. 

sents  the  compass  box,  and 
B  the  card,  which,  b^g 
attached  to  the  magnetic 
needle,  moves  as  it  moves, 
around  the  agate  centre, 
a,  on  which  it  is  suspend- 
ed. The  circumference 
(^  ihe  card  is  usually  di- 
vided  to  ^  or  ^  of  a  de- 
gree. G  is  a  prism,  which  ■ 
the  observer  looks  through. 
The  perpendicular  thread 
of  the  EQght-vane,  £,  and 
the  lUviaons  on  the  card,  appear  tcgether  on  looking  through  the 
prism,  and  the  division  with  which  the  thread  coincides,  when  the 
needle  b  at  rest,  is  the  "  Bearing"  of  whatever  object  the  thread 
may  bisect,  i.  e.  is  the  angle  which  the  line  of  sight  makes  witii  the 
direction  of  the  needle.  The  prism  is  mounted  with  a  hinge  joint, 
D.  The  a^t-vane  has  a  fine  thread  stretched  along  its  opening, 
in  the  direction  of  its  lengtii,  which  is  brought  to  bisect  any  object, 
by  tunung  the  box  around  horizontally.    F  b  a  nuiror,  made  to 
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slide  oil  or  off  the  Higlit-vaue,  E ;  and  it  may  be  reversed  at  pie* 
sure,  that  k,  turned  face  downwards ;  it  can  also  bo  inclined  at 
any  angle,  by  means  of  its  joint,  d ;  and  it  will  remain  stationary 
on  any  part  of  the  vane,  by  the  friction  of  ita  slides.  Ita  use  is  iff 
reflect  the  image  of  an  object  to  the  eye  of  an  observer  when  the 
object  is  much  above  or  below  the  horizontal  piano.  The  colored 
glasses  represented  at  G,  arc  intended  for  observing  the  sun.  At 
e,  ia  shown  a  spring,  which  being  pressed  by  the  finger  at  the  time 
of  observation,  and  then  released,  checks  the  vibrations  of  the  card, 
and  briDg3  it  more  speedily  to  rest.  A  stop  is  likewise  fixed  to 
the  other  side  of  the  box,  hj  which  the  needle  may  be  thrown  off 
ita  centre. 

The  method  of  using  this  instrument  is  very  ample.  PJrst  nuse 
the  prism  in  its  socket,  b,  until  you  obtajn  a  distinct  view  of  the 
divisions  on  the  card.  Then,  standing  over  the  point  where  the 
angles  are  to  be  taken,  hold  the  instrument  to  the  eye,  and,  looking 
through  the  slit,  0,  turn  around  till  the  thread  in  the  sight-vane 
bisects  one  of  the  objects  whose  bearing  is  required ;  then  by  touch- 
ing the  spring,  e,  bring  the  needle  to  rest,  and  the  division  on  the 
card  which  coincides  with  the  thread  on  the  vane,  will  bo  the  bear- 
ing of  the  object  fi-om  the  north  or  south  points  of  the  magnetic 
meridian.  Then  turn  to  any  other  object,  and  repeat  the  opera- 
tion ;  the  difference  between  the  bearing  of  this  object  and  that  of 
the  former,  will  be  the  angular  distance  of  the  objects  in  question. 
Thus,  suppose  the  former  bearing  to  be  40^  30',  and  the  latter 
10^  15',  both  east,  or  botli  west,  ^'f-  "'-■ 

from  the  nOTih  or  south,  the  angle 
will  be  30^  15'.  The  divisions  are 
generally  numbered  5'',  10°,  15°, 
&c.  around  the  circle  to  Seo^'. 

The  figures  on  the  compass  card 
are  leversed,  or  written  upside 
down,  as  in  the  figure  (ia  which 
only  every  fifteentli  degree  is  mark- 
ed), because  they  are  again  re- 


Torsed  by  the 


pnsm. 


.  u.]  The  Compass.  .  137 

(233)  The  prismatic  compass  is  generally  held  in  the  hand,  the 
VMnng  being  canght,  as  it  were,  in  passing ;  but  more  accurate 
nadings  would  of  course  be  obtained  if  it  rested  on  a  support,  such 
Mislake  cut  flat  on  its  top. 

b&e  former  mode,  the  needle  never  comes  completely  to  rest, 
puiiciilaily  in  the  wind.  In  such  cases,  observe  the  extreme  di- 
mm  between  which  the  needle  vibrates,  and  take  their  arith* 
mean. 


(W)  Defects  of  eompasst    The  compass  is  deficient  m  boifa 
pmnon  and  correctness.* 

The  former  defect  arises  from  the  indefiniteness  of  its  mode  of 

imiicating  the  part  of  the  circle  to  which  it  points.     The  point  of 

thie  needle  has  considerable  thickness ;  it  cannot  quite  touch  the 

diiided  circle ;  and  these  divisions  are  made  only  to  whole  or  half 

degrees,  though  a  fiaction  of  a  division  may  be  estimated,  or  guessed 

[Qie  Yemier  does  not  much  better  this,  as  we  shall  see  when 

its  use.    Now  an  inaccuracy  of  one  quarter  of  a  degree 

an  angle,  i.  e.  in  the  difference  of  the  directions  of  two  lines, 

them  to  separate  from  each  other  5^  inches  at  the  end  of 

IXW  feet ;  at  the  end  of  1000  feet  nearly  4^  feet ;  and  at  the  end 

cf  anile,  23  feet.    A  difference  of  only  one-tenth  of  a  degree,  or, 

nx  mnmtes,  would  produce  a  difference  of  1|  feet  at  the  end  of 

1000  feet ;  and  9\  feet  at  the  distance  of  a  mile.     Such  are  the 

difcrences  which  may  result  from  the  want  of  precimn  in  the  in- 

^icafioDS  of  the  compass. 

Bui  a  more  serious  defect  is  the  want  of  eorrectneaa  in  the  com« 
P^  Its  not  pointing  exactiy  to  the  true  north  does  not  indeed 
^^  tbe  correctness  of  the  angles  measured  by  it.  But  it  does  not 
P^  in  the  same  or  in  a  parallel  direction,  during  even  the  same 
%)  bot  changes  its  direction  between  sunrise  and  noon  nearly  a 
T'^rter  of  a  degree,  as  will  be  fully  explained  in  Chapter  VHI. 
^  rffect  of  such  a  difference  we  have  just  seen.    This  direction 

^e  ttodent  moit  not  confound  these  two  qualities.  To  say  that  tne  sun  a]> 
P^to  rile  in  the  eastern  quarter  of  the  heavens  and  to  set  m  the  western,  i« 
•"^t  bat  not  precite.  A  watch  with  a  second  hand  indicates  the  time  of  day 
r'**'^!  bat  not  always  eometly.  The  statement  that  two  and  two  make  five^ 
''^^1  bot  is  not  usually  regarded  as  correct* 


188  COMPASS  SURTETING.  [past  nr. 

may  also  be  greatlj  altered  in  a  moment,  without  the  knowledge 
of  the  surveyor,  by  a  piece  of  iron  being  brought  near  to  the  can 
pass,  or  by  some  other  local  attraction,  as  will  be  noticed  hereafiecr 
This  is  the  weak  point  in  the  compass. 

Notwithstanding  these  defects,  the  compass  is  a  yery  yalualib 
instrument,  from  its  simplicity,  rapidity  and  convenience  in  use; 
and  though  never  precise,  and  seldom  correct,  it  is  generally  aol 
very  wrong. 


CHAPTER  in. 

THE  FIELD  WORK. 

(235)  Taking  Bearings.  The  ''  Bearing"  of  a  line  is  tiie  an- 
gle which  it  makes  with  the  direction  of  the  needle.  Thus,  in  fig* 
147,  page  124,  the  angle  NAB  is  the  Bearing  of  the  line  AB,  aod 
NAC  is  the  Bearing  of  AC.  The  Bearing  and  length  of  a  line  W 
named  collectively  the  Course. 

To  take  the  Bearing  of  any  line,  set  the  compass  exactly  over 
any  point  of  it  by  a  plumb-line  suspended  from  beneath  the  cen- 
tre of  the  compass,  or,  approxunately,  by  dropping  a  stone.  Level 
the  compass  by  bringing  the  air  bubbles  to  the  middle  of  the  level 
tubes.  Direct  the  sights  to  a  rod  held  truly  vertical,  or  "  plumb," 
at  another  point  of  the  line,  the  more  distant  the  better.  The  two 
ends  are  usually  taken.  Sight  to  the  lowest  visible  point  of  dM 
rod.  Vhen  the  needle  comes  to  rest,  note  what  division  on  the 
circle  it  points  to ;  taking  the  one  indicated  by  the  North  end  of 
the  needle,  if  the  North  point  on  the  circle  is  farthest  from  yoOi 
and  vice  versa. 

In  readmg  the  division  to  which  one  end  of  the  needle  points, 
the  eye  should  be  placed  over  the  other  end,  to  avoid  the  error 
which  might  result  from  the  ^'  parallax,"  or  apparent  change  of 
place,  of  the  end  read  from,  when  looked  at  obliquely. 
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Fig.  163. 


13ie  bearing  is  read  and  recorded  by  noting  between  what  letters 

Am  end  of  the  needle  comes,  and  to  what  number ;  nammg,  or 

unkmg  down,  firMy^  that  letter,  N  or  S,  which  is  at  the  0^  point 

Mttrest  to  that  end  of  the  needle  from  which  you  are  reading ; 

ieeoM%,  the  number  of  degrees  to  which  it  points,  and  thircUy^ 

&B  letter,  E  or  W,  of  the  90^  point  which  is  nearest  to  the  same 

end  of  the  needle.    Thus,  in  the  figure,  if  when  the  sights  wars 

Erected  along  a  line,  (the  North 

point  of  the  compass  being  most 

I   fttttit  from    the    observer),   the 

Norfli  end  of  the  needle  was  at  the 

poini  A,  the   bearing  of  the  line 

si^kted  on,  would  be  North  45^ 

bst;  if  the  end  of  the  needle  was 

itB,  ttie  bearing  would  be  Host ;  if 

JtC,S.80oE;  ifatD, /yaMtA;if 

itE,S.60oW;  if  at  F,  West;  if 

it6,N,60oW;  if  at  H,  iVbreA. 


Fig.  164. 


yC 


-B 


(!N)  We  can  now  understand  why  W  is  en  the  right  hand  of 
tteeompass-boz,  and  E  on  the  left.  Let  the  direction  from  the 
centre  of  the  compass  to  the  point 
B  m  fte  figure,  be  required,  and 
x^pose  the  sights  in  the'first  place 
to  be  pdnting  in  the  direction  of  the 
needle,  S  N,  and  the  North  sight 
to  be  ahead.  When  the  sights  (and 
^  ijrcle  to  which  they  are  fasten- 
ed) bsre  been  turned  so  as  to  point 
m  the  direction  of  B,  the  point  of 
the  ciield  marked  E,  will  have  come  round  to  the  North  end  of  the 
needle,  (<mc«  the  needle  remains  immovable,')  and  the  reading  will 
^'^ewfcre  be  "  East,"  as  it  should  be.  The  effect  on  the  i-eading 
V  the  same  as  if  the  needle  had  moved  to  the  left  the  same  quantity 
^Udi  the  fflghts  have  moved  to  the  right,  and  the  left  side  is  there- 
f<*e  poperly  marked  "East,"  and  vice  versa.  So,  too,  if  Qie 
^^•ring  of  die  line  to  C  be  desired,  half-way  between  North  and 


COIHFASS  sntTEVI»G.  [partd. 

East,  i.  e.  N,  45°  E. ;  when  tlie  siglita  and  the  circle  have 
turned  45  degrees  to  the  ngbt,  the  needle,  reaUy  Btanding  st3]. 
has  apparently  arrived  at  the  point  half-way  between  N.  and  E., 
i.  e.  N.  450  E. 

Some  Bun-eyors'  compasaeg  are  marked  the  reverao  of  this,  the 
E  on  the  right  and  the  W  en  the  left.  These  letters  must  then  bo 
reversed  in  the  mind  before  the  bearing  is  noted  down. 

(237)  Reading  with  Vernier.  When  the  needle  does  not  point 
precisely  to  one  of  the  division  marks  on  the  circle,  the  fractional 
part  of  the  smallest  space  is  usually  estimated  by  the  eye,  aa  hat 
been  expliuned.  But  tliia  fractional  part  may  be  measured  by  the 
Vermer,  described  in  Art.  (229),  as  follows.  Suppose  the  needle 
to  pomt  between  N.  31°  E.  and  N.  31^°  E.  Turn  the  tangent 
screw,  which  movca  the  compass-box,  till  the  smaller  division  (in 
this  case  31°)  has  come  round  to  the  needle.  The  Vernier  will 
then  indicate  through  what  space  the  compass-box  has  moved,  and 
therefore  bow  much  must  be  added  to  the  reading  of  the  needle. 
Suppose  it  indicates. 10  minutes  of  a  degree.  Then  the  bearing  is 
N.  31°  10'  E.  It  is,  however,  80  difficult  to  move  the  Vcmier 
without  disturbing  the  whole  instrument,  that  this  ia  seldom  resorted 
to  in  practice.  Tlie  chief  use  of  the  Vernier  is  to  set  the  instra- 
ment  for  running  hues  and  making  an  allowance  for  the  variation 
of  the  needle,  as  will  be  expliuned  in  the  proper  place.     A  Veniiei^ 

A  Vernier  arc  is  sometimes  attached  to  ono  end  of  tlie  needle' 
and  carried  around  by  it. 

(238)  Practical  Hints.  Mark  every  station,  or  spot,  at  which 
the  compass  is  set,  by  driving  a  stake,  or  digging  up  a  sod,  or  piling 
up  stones,  or  othenyise,  so  that  it  can  be  found  if  any  error,  or  other 
cause,  makes  it  necessary  to  repeat  the  survey. 

Very  often  when  the  line  of  which  the  bearing  is  required,  ia  % 
fence,  &c,,  the  compass  cannot  be  set  upon  it.  In  auch  cases,  set 
the  compass  so  that  its  centre  is  a  foot  or  two  from  the  Une,  luid 
aet  the  flag-staff  at  precisely  the  same  distance  from  the  lino  at  the 
other  end  of  it.  The  bearing  of  the  flag-staff  from  the  compasa 
will  be  the  same  as  that  of  the  fence,  the  two  lines  being  parallel 
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The  distances  should  be  measured  on  the  real  line.  K  more  con- 
venient the  compass  may  be  set  at  some  point  on  the  line  prolong- 
ed, or  at  some  intermediate  point  of  the  line,  ^'  in  line  "  between  its 
extremities. 

In  setting  the  compass  level,  it  is  more  important  to  have  it  level 
CTOSSways  of  tiie  si^ts  than  in  their  direction ;  since  if  it  bo  not  so, 
on  looking  up  or  down  hill  through  the  upper  part  of  one  sight  and 
ihe  lower  part  of  the  other,  the  line  of  sight  will  not  be  parallel  to 
ihe  N  and  S,  or  zero  lin^,  on  the  compass,  and  an  incorrect  bear- 
ing will  therefore  be  obtained. 

The  compass  should  not  be  levelled  by  the  needle,  as  some  books 
recommend,  i.  e.  so  levelled  that  the  ends  of  the  needle  shall  be  at 
equal  distances  below  the  glass.  The  needle  should  be  brought  so 
ori^nally  by  the  maker,  but  if  so  adjusted  in  the  morning,  it  will 
not  be  so  at  noon,  owing  to  the  daily  variation  in  the  dip.  K 
then  the  compass  be  levelled  by  it,  tiie  lines  of  si^t  will  generally 
be  more  or  less  oblique,  and  therefore  erroneous.  If  the  needle 
touches  the  glass,  when  the  compass  is  levelled,  balance  it  by  slid* 
ing  the  coil  of  wire  along  it. 

The  same  end  of  the  compass  should  always  go  ahead.  The 
Nortii  end  is  preferable.  The  South  end  will  then  be  nearest  te 
the  observer.  Attention  to  this  and  to  the  caution  in  the  next 
paragraph,  wiU  prevent  any  confusion  in  the  bearings. 

Always  take  tiie  readings  from  the  same  end  of  the  needle ; 
firom  the  North  end,  if  the  Korth  end  of  the  compass  goes  ahead ; 
and  vice  versa.  This  is  necessary,  because  tae  two  ends  will  not 
always  cut  opposite  degrees.  With  this  precaution,  however,  the 
an^e  of  two  meeting  lines  can  be  obtained  correctiy  from  either 
end,  provided  the  same  one  is  used  in  taking  the  bearings  of  both 
the  lines. 

Guard  against  a  very  frequent  source  Fig- 165. 

of  error  with  beginners,  in  reading  from 
the  wrong  number  of  the  two  between 
which  the  needle  points,  such  as  reading 
84^  for  26^,  in  a  case  like  that  in  the 
figure. 
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Check  the  vibrations  of  the  needle  by  gently  raising  it  off  the 
pirot  BO  as  to  touch  the  glass,  and  letting  it  down  again,  by  the  screw 
on  the  under  side  of  the  box. 

The  compass  should  be  sniartly  tapped  after  the  needle  has 
settled,  to  destroy  the  effect  of  any  adhesion  to  the  pivot,  or  fnc- 
tion  of  dust  upon  it. 

All  iron,  such  as  the  chain,  &c.,  must  be  kept  at  a  distance  boa 
the  compass,  or  it  will  attract  the  needle,  and  cause  it  to  deviate 
from  its  proper  direction. 

The  surveyor  is  sometimes  troubled  by  the  needle  refuang  to 
traverse  and  adhering  to  the  glass  of  tho  compass,  after  ho  has 
briskly  wiped  this  off  with  a  silk  handkerchief,  or  it  has  been  car^ 
ried  80  as  to  rub  against  bis  clothes.  The  cause  is  tho  electricity 
excited  by  the  friction.  It  is  at  once  discharged  by  applying  a 
wet  finger  to  the  glass. 

A  compass  should  be  carried  with  its  fiwo  resting  ag^nat  the 
side  of  tho  surveyor,  and  one  of  the  sights  hooked  over  his  arm. 

In  distant  surveys  an  extra  centre  pin  should  be  carried,  (as  it 
is  very  Uable  to  injury,  and  its  perfection  is  most  essential),  and, 
also,  an  extra  needle.  When  two  such  arc  carried,  they  should 
be  placed  so  that  the  north  pole  of  one  rests  against  the  south  pde 
of  the  other. 


(339)  When  the  magnetism  of  the  needle  is  lessened  or  destroy- 
ed by  time,  it  may  be  renewed  as  follows.  Obtain  two  bar  mag- 
nets. Provide  a  board  with  a  hole  to  admit  of  the  axis,  so  th&t  its 
collar  may  fit  fairly,  and  that  the  needle  may  rest  flat  on  it,  with- 
out bearing  at  the  centre.  Place  the  board  before  you,  with  ^e 
north  end  of  the  needle  to  your  right.  Take  a  magnet  in  each 
hand,  tho  left  holding  the  North  end  of  the  bar,  or  that  which  has 
the  mark  across,  downwards ;  and  the  right  holding  the  same  mark 
upwards.  Bring  the  bars  over  the  axis,  about  a  foot  above  it^ 
without  approaching  each  other  within  two  inches: — bring  them 
down  vertically  on  the  needle,  (the  marks  as  directed)  about 
an  inch  on  each  side  of  its  axis  ;  slide  them  outwards  to  its  ends 
with  slight  pressure ;  raise  them  up ;  bring  them  to  their  formef 
poution,  and  repoa";  this  a  number  of  times. 
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(240)  Back  Sigkts.  To  test  the  accuracy  of  the  bearing  of  a 
Bne^  taken  at  one  end  of  it,  set  up  the  compass  at  the  other  end, 
or  point  mghted  to,  and  look  back  to  a  rod  held  at  the  iirst  station, 
orjNnnt  where  ike  compass  had  been  placed  originallj.  The  read- 
ing of  the  needle  should  now  be  the  same  as  before. 

If  the  position  of  the  sights  had  been  reversed,  the  reading 

nodd  be  the  Reverse  Bearing ;  a  former  bearing  of  N.  80^  E. 

iroold  Ihen  be  S.  30^  W.,  and  so  on. 

(241)  Local  attraction*     If  the  Back-sight  does  not  agree 

liBi  the  first  or  forward  sight,  this  latter  must  be  taken  over  agiun. 

If  tte  same  diflference  is  again  found,  tliis  shows  that  there  is  heal 

^tttmction  at  one  of  the  stations ;  i.  e.  some  influence,  such  as  a 

I    MM  of  iron  ore,  ferru^ous  rocks,  &c.,  under  the  surface,  which 

I     ittncts  the  needle,  and  makes  it  deviate  from  its  usual  direction. 

I     Anjhi^  object,  such  as  a  house,  a  tree,  &c.,  has  recently  been 

ibond  to  produce  a  similar  effect. 

To  discover  at  which  station  the  attraction  exists,  set  the  com- 
pta  ai  several  intermediate  points  in  the  line  which  joins  the  two 
MioDS,  and  at  points  in  the  line  prolonged,  and  take  the  bearing 
of  tte  line  at  each  of  these  pomts.  The  agreement  of  several  of 
&69e  bearings,  taken  at  distant  points,  will  prove  their  correctness. 
Otbenrise,  set  the  compass  at  a  third  station ;  sight  to  each  of  the 
^doubtful  ones,  and  then  firom  them  back  to  this  third  station. 
Bi  iritt  show  which  is  correct. 

When  the  difference  occurs  in  a  series  of  lines,  such  as  around  a 
MijOralong  a  road,  proceed  Fig.  lee. 

to.  Let  C  be  tiie  station  at  C ^ 

^Aidifte back-sight  toB  dif-  ^ 

fenfiomthe  foresight  from 

B  to  0.    Since  tiie  back-sight  from  £  to  A  is  supposed  to  have 

V>^  with  the  foresight  from  A  to  B,  the  local  attraction  must  be 

at  C,  and  the  forward  bearing  must  be  corrected  by  the  difference 

J'Bt  found  between  the  fore  and  back  sights,  adding  or  subtracting 

it}  aocording  to  circumstances.    An  easy  method  is  to  draw  a 
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figure  for  the  case,  as  inRg.  167.    In 

it,  suppose  the  true  bearing  of  BC,  as 

given  by  a  foresight  from  B  to  C,  to  be 

N.  40°  E.,  but  that  there  is  local  air 

traction  at  C,  so  that  the  needle  is  drawn 

aside  10°,  and  points  in  the  direction 

S'N',  instead  of  SN.     The  back-sight 

from  C  to  B  will  then  give  a  bearing 

of  N.  60°  E. ;  a  difference,  or  correc-  <?^ 

tion  for  the  next  fwe-sight,  of  10°.     K  the  next  fore-sight,  fixHn  C 

to  D,  be  N.  70°  E,  this  10°  must  be  subtracted  fix)m  it,  nwAing 

the  true  fore-sight  N.  60^  E. 

A  general  rule  may  also  be  ^ven.  When  the  baek-nght  i$ 
greater  than  the  fore-sight  j  as  in  this*  case,  subtract  the  difference 
from  the  next  fore-sight,  if  that  course  and  the  preceding  one  have 
both  their  letters  the  same  (as  in  this  case,  both  being  N.  and  E.), 
or  both  their  letters  different ;  or  add  the  difference  if  either  the 
first  or  last  letters  of  the  two  courses  are  different.  WTien  the 
hack-sight  is  less  than  the  fore-sight,  add  the  difference  in  the  case 
in  which  it  has  just  been  directed  to  subtract  it,  and  subtract  it 
where  it  was  before  directed  to  add  it. 


(212)  Angles  of  deflection.  When  the  compass  indicates 
much  local  attraction,  the  difference  between  the  directions  of 
two  meeting  lines,  (or  the  "  angle  of  deflection^*  of  one  fix>m  the 
other),  can  still  be  correctly  measured,  by  taking  the  difference  of 
the  bearings  of  the  two  lines,  as  observed  at  the  same  point.  For, 
the  error  caused  by  the  local  attraction,  whatever  it  may  be,  affects 
both  bearings  equally,  inasmuch  as  a  "Bearing"  is  the  angle 
which  a  line  makes  with  the  direction  of  the  needle,  and  that  here 
remains  fixed  in  some  one  direction,  no  matter  what,  during  the 
taking  of  the  two  bearings.  Thus,  in  Fig.  167,  let  the  true  bear- 
ing of  BC,  i.  e.  the  angle  which  it  makes  with  the  line  SN,  be,  as 
before,  N.  40°  E.,  and  tiiat  of  CD  N.  60°  E.  The  true  "  angle 
of  deflection"  of  these  lines,  or  the  angle  B'CD,is  therefore  20°. 
Now,  if  local  attraction  at  C  causes  the  needle  to  point  in  the  direc- 
S'N',  10°  to  tiio  left  of  its  proper  direction,  BC  will  bear  N.  60^ 
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E.,  and  CD  N.  70^  E.,  and  the  diiBference  of  these  bearings,  L  e. 
tiie  angle  of  deflection,  will  be  the  same  as  before. 

(24S>  Aigles  between  Courses.  To  determine  the  angle  of 
deflection  of  two  courses  meeting  at  any  point,  the  following  simple 
roles,  the  reasons  of  which  will  appear  from  the  accompanying 
figures,  are  sufficient. 


CoMt  1.  When  tiie  first  letters  of  the 
bearing  are  alike,  (i.  e.  both  N.  or  both 
S.^9  and  the  last  letters  also  alike,  (i.  e. 
boifa  E.  or  both  W.),  take  the  difference 
of  the  bearings.  Example.  If  AB  bears  v/*- 
N.  2XP  E.  and  BC  bears  N.  10^  E.,  the 
an^  of  deflection  CBB'  is  20^. 


-—» 


JFig.  169. 


CoMt  2.  When  the  first  letters  are 
alike  and  the  last  letters  different ;  take 
the  sum  of  the  bearings.  Ex.  If  AB 
bemn  N.  40^  E.  and  BG  bears  N.  20^ 
W. ;  the  angle  CBB'  is  60°. 


VfiF 


CoMt  8.  When  ihe  first  letters  are 
different  and  the  last  letters  alike,  sub- 
tract the  sum  of  the  bearings  from  180^. 
Ex.  If  AB  bears  N.  800  E.  and  BC 
bearB  S.4(PE. ;  the  angle  CBB'isllO^. 


10 
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Case  4,  When  both  tlie  first  and 
lost  letters  aro  differeot,  subtract  the 
(lifFerence  of  the  bearings  from  180°. 
Eic.  KAB  bears  8.30°  W.  and  BC  Vf- 
bears  N.  70=  E. ;  the  angle  CEE'  is 
14(P. 


Jf  the  angUa  included  between  the  courges  are  deffii«d, 
they  will  be  at  once  found  by  reversing  one  bearing,  and  Uien  ap- 
plying the  above  rules ;  or  by  subtraeting  the  results  obtained  aa 
above  from  180° ;  or  an  analogoua  set  of  rules  could  be  formed 
fbr  them. 


(244)  To  change  Bearings.  It  is  convenient  in  certmn  cal- 
culations to  suppose  one  of  the  lines  of  a  survey  to  change  its  direc- 
tion so  as  to  become  due  North  and  South ;  that  is,  to  become  ft 
new  Meridian  line.  It  is  then  necessary  to  determine  what  fke 
bearings  of  the  other  Imes  will  be,  supposing  them  to  change  with 
it.  The  subject  may  be  made  plain  by  supposing  the  survey  to  be 
platted  in  the  usual  way,  with  the  North  uppermost,  and  the  plat 
to  be  then  turned  around,  till  the  line  to  bo  changed  ia  in  tie  de- 
sired direction.  The  effect  of  this  on  the  other  lines  will  be  readily 
seen.     A  General  Rule  can  also  be  formed. 

Take  the  difference  between  the  origbal  bearing  of  the  Bide 
which  becomes  a  Meridian  and  each  of  those  hearings  which  have 
both  their  letters  the  same  as  it,  or  both  different  from  it.  The 
chimged  bearings  of  these  lines  retain  the  same  letters  as  before,  if 
they  wore  originally  greater  than  the  original  bearing  of  the  new  Me- 
ridian line  ;  but,  if  they  were  less,  they  are  thrown  on  the  other  ado 
of  the  N.  and  S.  line,  and  their  last  letters  are  changed ;  E.  being 
put  for  W.  and  W  for  E. 

Take  the  iwn  of  the  ori^al  bearing  of  the  new  Meridian  Une, 
KoA  e&ch  of  those  bearings  which  have  one  letter  the  same  as  one 
letter  of  the  former  hearing,  and  one  different.    If  this  sum  exceeds 
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90^9  this  shews  that  the  line  is  thrown  on  the  other  side  of  the 
Bast  or  West  point,  and  the  difference  between  this  sum  and  180^ 
will  be  the  new  bearing  and  the  first  letter  will  be  changed,  N. 
being  put  for  S.  and  S.  for  N. 

Example.  Let  the  Bearings  of  the  sides  of  a  field  be  as  follows : 
N.  320  E. ;  N.  80^  E. ;  S.  48o  E. ;  S.  18o  W. ;  N.  73^o  W. ; 
Nordi.  Suppose  the  first  side  to  become  due  North ;  the  changed 
bearings  will  then  be  as  follows :  North ;  N.  48^  E. ;  9.  80^  E. ; 
S.  140  E. ;  S.  74  JO  W. ;  N.  32^  W. 

To  apply  ttie  rule  to  the  "  North"  course,  as  above,  it  must  be 
called  N.  0^  W. ;  and  then  by  the  Rule,  32^  must  be  added  to  it. 

The  true  bearings  can  of  coui*se  be  obtained  from  the  changed 
bearings,  by  reversing  the  operation,  taking  the  sum  instead  of  the 
difference,  and  vice  versa. 


(245)  Line  Sarreying*  This  name  may  be  given  to  surveys 
of  lines,  such  as  the  windings  of  a  brook,  the  curves  of  a  road,  &c., 
by  way  of  cQstinction  from  Farm  Surveying^  in  which  the  lines 
surveyed  enclose  a  space. 

To  survey  a  hrooh,  or  any  similar  line,  set  the  compass  at,  or 
near,  one  end  of  it,  and  take  the  bearing  of  an  imaginary  or 
risual  line,  running  in  the  general  average  direction  of  the  brook, 


Fig.  172. 


Buch  as  AB  in  the  figure.  Measure  this  line,  taking  o&ets  to  the 
various  bends  of  the  brook,  as  to  the  fence  explained  in  Art.  (115). 
Then  set  the  compass  at  B,  and  take  a  back-sight  to  A,  and  if 
tlioy  agree,  take  a  fore-sight  to  C,  and  proceed  as  before,  noting 
particularly  the  points  where  the  line  crosses  the  brook. 

To  survey  a  road^  take  the  bearings  and  lengths  of  the  lines 


Fig.  173. 
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which  can  be  most  convonientlj  measured  in  the  road,  and  me» 
sore  oSsets  on  each  side,  to  the  outside  of  tiie  road. 

When  the  line  of  a  now  road  is  snrvoyod,  the  beannga  and 
lengths  of  the  varioua  portions  of  its  intended  centre  line  should  be 
measured,  and  the  distance  which  it  runs  through  each  man's  Innil 
should  be  noted.  Stones  should  be  set  in  tlw  ground  at  recorded 
distances  from  each  angle  of  the  line,  or  in  each  line  prolonged  a 
known  Stance,  so  as  not  to  be  disturbed  in  making  the  road. 

In  sun'ejing  a  wide  river,  one  bank  may  be  surveyed  by  tho 
method  just  given,  and  pomts  on  the  opposite  hanks,  as  trees,  &c., 
may  be  fixed  by  the  method  of  interaectiona,  founded  on  the  Fourth 
Method  of  determining  the  position  of  a  point ;  and  fiilly  explained 
in  Part  IV. 

(216)  Checks  by  intersecting  bearings.    At  each  station  al 

which  tho  compass  is  set,  take  bearings  to  some  remarkable  object, 
such  as  a  church  steeple,  a  distant  house,  a  Iiigh  tree,  kc.  At 
least  three  bearings  should  bo  taken  to  each  object  to  make  it  of 
any  use :  since  two  are  necessary  to  dctennino  it,  (by  our  Fourth 
Method),  and,  till  thus  determined,  it  can  be  no  check.  'Wben 
the  line  ia  platted,  by  the  methods  to  be  explained  in  the  next 
chapter,  plat  also  the  hues  given  by  tlieae  bearings.  If  those  taken 
to  the  same  object  from  three  different  stations,  intersect  in  Uie 
same  pomt,  this  proves  that  there  has  been  no  mistake  in  the  sur- 
vey or  platting  of  those  stations. 

If  any  bearing  does  not  intersect  a  point  fixed  by  previous  bear- 
ings,  it  shows  that  there  has  been  an  error,  either  between  the  last 
station  and  one  of  those  which  fixed  the  point,  or  in  the  last  heax- 
ing  to  the  point.  To  discover  wliich  it  was,  plat  the  following  lint 
of  the  survey,  and,  at  its  extremity,  set  off  tho  bearing  from  it  to  tho 
point;  and  if  the  lino  thus  p!att«d  passes  through  the  point,  it 
proves  that  there  was  no  error  in  the  line,  but  only  in  the  beamg 
to  the  point.  If  otherwise,  the  error  was  somewhere  in  tho  line 
between  the  stations  from  which  the  bearings  to  that  point  vera 
taken. 
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(247)  KeepiBf^  the  Field-notes.  The  simplest  and  easiest 
i&ettiod  for  a  beginner  is  to  make  a  rough  sketch  of  the  survey  by 
eje,  and  write  down  on  the  Imes  their  bearings  and  lengths. 

An  improyement  on  this  is  to  actuallj  lay  down  the  precise  bear 
inp  and  lengths  of  the  lines  in  the  field-book  in  the  manner  to  be 
exphined  in  the  chapter  on  Platimg,  Art.  (269). 

(218)  A  second  method  is  to  draw  a  straight  line  up  the  page 
cf  the  field4>ook,  and  to  write  on  it  the  bearings  and  lengths  of 
Aa  lines.  The  only  advantage  of  this  method  is  that  the  line  will 
iMsknm  (tf  the  side  of  the  page,  as  it  is  apt  to  do  in  the  preceding 
■eOiod. 

(219)  A  third  method  is  to  represcL-t  the  line  surveyed,  by  a 
•doable  column,  as  in  Part  11,  Chapter  I,  Art.  (95),  which  should 

be  now  referred  to.  The  bearings  are  written  obliquely  up  the 
ooimnns.  At  the  end  of  each  course,  its  length  is  written  in  the 
cten,  and  a  line  drawn  across  it.  Dotted  lines  are  drawn  across 
the  colonui  at  any  intermediate  measurement.  Ofisets  are  noted 
«8  explained  in  Art.  (114). 

Oie  intersection-bearings,  described  in  Art.  (246),  should  be 
^it^eied  in  the  field-book  before  the  bearings  of  the  line,  in  order 
b  avind  mistakes  of  platting,  in  setting  off  the  measured  distances 
^  4e  mrong  line. 

(SS9)  A  fourth  method  is  to  write  the  Stations,  Bearings,  and 

''^^^^^lUices  in  three  columns.     This  is  compact,  and  has  the  advan- 

^8^1  when  applied  to  &rm  surveying,  of  presenting  a  form  suitable 

^  the  subsequent  calculations  of  Content,  but  does  not  give  facili- 

**^  for  noting  ofliets. 

"Examples  of  these  four  methods  are  given  in  Art.  (254)  ;  which 
^^t^bs  the  field-notes  of  the  lines  bounding  a  field. 

C251)  New-Tork  Canal  Maps.  The  following  is  a  description 
^  *te  orignal  maps  of  the  survey  of  the  line  of  the  New-York  Erie 
^^,  as  published  by  the  Canal  Commissioners.  The  figure 
f^P^^sents  a  portion  of  such  a  map ;  but,  necessarily,  with  all  its 
**^^  black ;  ral  and  blue  lines  bemg  used  on  the  real  map. 


"  The  Bed  Line  described  along  the  inner  edge  of  the  towing 
pafli  is  the  ba»e  line,  upon  which  all  the  measurements  in  the  dtrec- 
tion  of  the  length  of  the  canal  were  made.  The  bearings  refer  to 
the  magnetic  meridian  at  the  time  of  the  survey.  The  leni/ths  of 
the  several  portions  are  inserted  at  the  end  of  each,  in  chMJia  and 
hnks.  The  offsets  at  each  station  are  represented  hy  red  iinea 
drawn  across  the  canal  in  auch  a  direction  as  to  bisect  the  angles 
formed  by  the  two  contiguous  portions  of  the  red  or  base  line,  upm 
the  towing  path.  The  intermediate  ofl&cts  arc  set  off  at  right  angles 
to  the  base  line ;  and  tho  dbtancea  on  both  are  given  from  it  in 
links.  The  intermediate  offsets  are  represented  by  red  doited  Una, 
and  the  distnuccs  to  them  upon  the  base  line  are  reckoned,  in  each 
case,  from  the  last  preceding  station.  The  same  is  likewise  done 
with  the  other  distances  upon  the  base  line ;  those  to  the  Bridget 
being  taken  to  tho  lines  joining  the  nearest  angles,  or  corner  posts 
of  their  abutments ;  those  to  the  Locks  extending  to  the  lines  pass- 
ing through  the  centres  of  the  two  nearest  quoin  posts ;  and  those 
to  the  Aqueducts,  to  tho  faces  of  their  abutments.  The  space 
enclosed  by  the  Blue  Lines  represents  the  portion  embraced  with- 
in tho  limits  of  the  survey  as  belongmg  to  the  state ;  and  the  munea 
of  the  adjoining  proprietors  are  given  as  they  stood  at  the  time  of 
executing  the  survey.  The  distances  are  projected  upon  a  scale 
of  two  chains  to  the  inch." 

(252)  Farm  Surveying.  A  farm,  or  field,  or  other  space  m- 
cluded  within  known  hues,  is  usually  surveyed  by  the  compaea 
thus.  Begin  by  walkmg  around  the  boundary  Imes,  and  setHng 
stakes  at  all  the  comers,  which  the  flag-man  should  specially  note,        | 
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8^  that  he  may  readily  find  them  agam.  Then  set  the  compass  at 
any  corner,  and  send  ilie  flag-man  to  the  next  comer.  Take  the 
bearing  of  the  bounding  line  running  from  comer  to  comer,  which 
is  nsuaUy  a  fence.  Measure  its  length,  taking  oSseta  if  necessary. 
Note  where  any  other  fence,  or  road,  or  other  line,  crosses  or  meets 
it,  and  take  their  bearings.  Take  the  compass  to  the  end  of  this 
first  bounding  line ;  si^t  back,  and  if  the  back-sight  agrees,  take 
tiie  bearing  and  distance  of  the  next  bounding  line ;  and  so  proceed 
tin  yon  have  got  back  to  the  point  of  starting. 

(253)  Where  speed  is  more  important  than  accuracy  in  a  sur- 
vey, whetiier  of  a  line  or  a  farm,  the  compass  need  be  set  only  at 
every  otiier  station,  taking  a  forward  sight,  from  the  1st  station  to 
the  2d ;  then  setting  the  compass  at  the  3d  station,  taking  a  back- 
mgjht  to  the  2d  station  (hut  with  the  north  point  of  the  compass  al* 
ways  ahead),  and  a  fore-sight  to  the  4th ;  then  going  to  the  5th, 
and  so  on.    This  is,  however,  not  to  be  recommended. 

(254)  Field-notes*  The  Field-notes  of  a  Farm  survey  may  be 
kept  by  any  of  the  methods  which  have  been  described  with  refer- 
ence  to  a  Line  survey.  Below  are  given  the  Field-notes  of  the 
same  field  recorded  by  each  of  tiie  methods. 

First  Method. 

Fig.  175. 
®N  SSf**  E® 


Sucond       Third 

Mt-tkid.    Method: 

S(l)     -(1) 


COIIPASS  S[E?eVIi\C, 

Fourtlt  Methtd. 


[Plfl 


0(0) 


0(4) 


0(3) 


o(2) 


0(1) 


-(4)- 
2.22 


91 


-(2)- 
2.70 


SXATIOSS. 

BEAiusas. 

DISTANCES. 

1 

3 

4 
5 

N. 35=   E. 
N.  8310  E. 
S.  57=  E. 
S.  34i=W. 
K.56i'W. 

2.70       ^ 
1.29    J 

2.22  ■ 
3.Sa    ■ 

3.23  fl 

(^2j5)  Tho  Field-notes  of  a  field,  in  which  oflscts  occur,  may  Iw 
most  easily  recorded  by  the  Third  Method ;  as  in  Fig,  176. 

When  the  Field-notca  are  recorded  by  the  Fourth  Method, 
the  oflaets  may  bo  kept  in  a  eoparate  Table;  in  which  the  1st 
co.uma  will  contain  the  Btatioua  from  which  the  mcasurementa  ore 
made,  the  2d  column  the  distances  &t  which  they  occur,  (he  8d 

"In  ihe  "Third  McthoJ," 
u  directed  in  Arl.  (S49)  bul  bi 
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tAxmn  the  lengths  of  the  offiiets,  and  the  4th  column  the  side  of 

•ttielme,  "  Bight,"  or  "  Left,"  on  which  they  Ke. 
Eor  calculation,  four  more  columns  may  be  added  to  the  table, 
CQ&taiBmg  the  intervals  between  the  oSseta ;  the  sums  of  the 
id](mimg  pairs ;  and  the  products  of  the  numbers  in  the  two  pre- 
ceding columns,  separated  into  Right  and  Left,  one  being  additivo 
to  fte  field,  and  the  oilier  subtractive. 

(iX)  Tests  of  accuracy.  1st.  The  check  of  intersections  de> 
scribed  in  Art.  (246),  may  be  employed  to  great  advantage,  when 
some  conspicuous  object  near  the  centre  of  the  farm  can  be  seen 
from  most  of  its  comers. 

2nL  YHien  the  survey  is  platted,  if  the  last  course  meets  the 
^toing  point,  it  proves  the  work,  and  the  survey  is  then  said  to 
"clofle." 

3d.  Diagonal  lines,  running  from  comer  to  comer  of  the  farm, 

Ste  flie  "  Proof-lines"  in  Chain  Surveying,  may  be  measured  and 

^cir  bearings  taken.    When  these  are  laid  down  on  the  plat,  their 

meeting  tbe  points  to  which  they  had  been  measured,  proves  the 

work. 

4th.  The  only  certain  and  precise  test  is,  however,  that  by 
"lAtitades  and  Departures."  This  is  fully  explained  m  Chapter 
V,  of  this  Part. 

Ctt7)  A  very  fallacious  test  is  recommended  by  several  writers 

^  this  subject.    It  is  a  well-known  proposition  of  Geometry,  that 

^  any  figure  bounded  by  straight  lines,  the  sum  of  all  the  interior 

^'^^ea  is  equal  to  twice  as  many  right  angles,  as  the  figure  has  sides 

*®^  two ;  since  the  figure  can  be  divided  into  that  number  of  tri- 

•"^ea.    Hence  this  common  rule.     "  Calculate  [by  the  last  para- 

E^^ph  of  Art.  (243)]  the  interior  angles  of  the  field  or  farm  sur- 

^y^d ;  add  them  together,  and  if  their  sum  equals  twice  as  many 

^t  angles  as  the  figure  has  sides  less  two,  the  angles  have  been 

^<*^ctly  measured."  This  rule  is  not  applicable  to  a  compass  sur- 

^^y ;  for,  in  Rg.  167,  page  144,  the  mterior  angle  BCD  will  con- 

TO  the  same  number  of  degrees  (m  that  case  160^)  whether  the 

bearings   of  the  sides  have  been  noted  correctly,  as  being  the 
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acgles  ■whicli  they  make  with  NS — or  incorreotJy,  as  being  the 
angles  which  they  make  with  N'S'.  This  rule  would  therefoM 
prove  the  work  in  either  case. 

(258)  Method  of  Radiation.  A  fidd  may  he  surveyed  from 
one  station,  either  within  it  or  vntkout  it,  by  taking  the  bearings  and 
the  diatancea  fiom  that  point  to  each  of  the  comers  of  the  field. 
These  comers  are  then  "  determined,"  by  the  od  method,  Art.  (J). 
This  modification  of  that  method,  we  named,  in  Art.  (236),  the 
Method  of  Radiation.  All  our  preceding  surveys  with  the  com- 
pass have  been  by  the  Method  of  Progrension. 

Th'i  compass  may  be  set  at  one  comer  of  the  field,  or  at  a  pomt 
in  one  of  its  sides,  and  the  same  method  of  Radiation  employed. 

Ibis  method  is  seldom  used  however,  since,  unlike  the  method 
of  Progression,  ita  operations  are  not  checks  upon  each  other. 

(t59)  Method  of  Intersection.  A  field  may  also  be  surveyed  . 
by  measuring  a  base  line,  either  within  it  or  without  it,  setting  the 
compass  at  each  end  of  the  base  line,  and  taking,  from  each  end, 
the  bearings  of  each  comer  of  the  field ;  which  will  then  be  fixed* 
and  determined,  by  the  4th  method.  Art.  (8).  This  mode  of«nr. 
veying  ia  tbo  Method  of  IntersecUoni,  noticed  in  Art.  (220)-  D 
will  be  fully  treated  of  ut  Fart  Y,  onder  the  title  of  Triangular 
Snrreylng. 

(280)  Running  ont  old  lines.  The  original  surveys  of  "[ania 
in  the  older  States  of  the  American  Union,  were  exceedingly  defi- 
cient in  precision.  This  arose  from  two  principal  causes ;  the  small 
value  of  land  at  the  period  of  these  surveys,  and  the  want  of  still 
in  the  surveyors.  The  effect  at  the  present  day  ia  frequent  dissat- 
isfaction and  litigation.  Lots  sometimes  contain  more  acres  tihaa 
they  were  sold  for,  and  sometimes  less.  Lines  which  are  straight 
in  the  deed,  and  on  the  map,  are  found  to  be  crooked  on  the 
ground.  The  recorded  surveys  of  two  adjoining  farms  often  make 
one  overlap  tbo  other,  or  leave  a  gore  between  them.  The  most 
tUfficuIt  and  delicate  duty  of  the  land-surveyor,  is  to  run  out  these 
old  boundary  lines.     In  such  cases,  his  first  business  is  to  find 
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iDO&mnents,  stones,  marked  trees,  stumps,  or  any  other  old  ^'  cor* 
1^18,"  or  landmarks.  These  are  his  starting  points.  The  owners 
nhm  lands  join  at  these  comers  should  agree  on  them.  Old 
fences  must  generally  be  accepted  by  right  of  possession ;  though 
BQch  qnesiions  belong  rather  to  the  lawyer  than  to  the  surveyor.* 
Ssbufflness  is  to  mark  out  on  the  groimd  the  lines  given  in  the 
deei  When  the  bounds  are  given  by  compass-bearings,  the  sur- 
lejor  raust  be  reminded  that  these  bearings  are  v^ry  far  from  being 
tb  8une  now  as  originally,  having  been  changing  every  year. 
The  method  of  determining  this  important  change,  and  of  making 
Ae  proper  allowance,  will  be  found  in  Chapter  VULl,  of  this  Fart. 

(Ml)  Town  Sureylng*  Begin  at  the  meetmg  of  two  or  more 
of  the  principal  streets,  through  which  you  can  have  the  longest 
prospectB.  Having  fixed  the  instrfiment  at  that  point,  and  taken 
the  bearmgs  of  all  the  streets  issumg  from  it,  measure  all  these  lines 
viSi  t]i6  chun,  taking  ofiets  to  all  the  comers  of  streets,  lanes, 
l^eodm^,  or  windings ;  and  to  all  remarkable  objects,  as  churches, 
iiuiAets,  pubUc  buildings,  &c.  Then  remove  the  instrument  to 
.Ae  next  street,  take  its  bearings,  and  measure  along  the  street  as 
before,  taUng  offiets  as  you  go  along,  with  the  ofiset-staff.  Proceed 
m  thk  manner  from  street  to  street,  measuring  the  distances  and 
ofiets  as  you  proceed. 

Fig.  177. 


*  M   » 

«Bi©irt»*'       deecription  of  land  conyeyed,  the  rule  is,  that  known  and  fixed  mon« 
locJod    ^^^^  coarsea  and  distances.     So,  the  certainty  of  metes  and  bounds  will 
qnaoti?  ***^  P***  *^^  *^'  lands  within  them,  though  they  vary  from  the  given 
J^L^  y  expressed  in  the  deed.     In  New-York,  to  remove,  deface  or  alter  land 
^  ""^^cioasly)  ii  au  indictable  offence."— /i:«i<'*  Commentaries,  IV,  515 
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Thus,  in  the  figure,  fix  the  instrument  at  A,  and  tucaaure  lines 
in  the  direction  of  aU  the  streets  meeting  there,  noting  their  bear- 
ings; thenmeasiireAB,  noting  the  streets  at  X,X.  At  the  second 
station,  E,  take  tha  bearings  of  all  the  streets  which  meet  there ; 
and  measure  from  B  to  C,  noting  the  places  and  the  bearings  of 
all  the  cross-streets  as  you  pass  them.  Proceed  in  hke  majuier 
from  C  to  D,  and  from  D  to  A,  "  closing"  there,  as  in  a  farm  sur- 
vey. Having  thus  surveyed  all  the  principal  streets  in  a  particu- 
lar neighborhood,  proceed  then  to  siir\-ey  the  smaller  iutermedialfl 
streets,  and  last  of  all,  the  lanes,  alleys,  courts,  yards,  and  every 
other  place  which  it  may  be  tliought  proper  to  represent  in  tiie 
plan.  The  several  cross-streets  answer  as  good  check  lines,  to 
prove  the  accuracy  of  the  work.  In  this  maimer  you  continue  till 
you  take  in  all  the  town  or  city. 


(262)  Obstacles  In  Compass  SurTcyins.  The  various  obeta- 
eles  which  may  he  met  with  in  Compass  Survejing,  such  as  woods, 
water,  houses,  &c.,  can  be  overcome  much  more  easily  than  in 
Chain  Surveying.  But  as  some  of  the  best  methods  for  effecting 
this  involve  principles  which  have  not  yet  been  fully  developed,  it 
will  bo  better  to  postpone  ^ving  any  of  them,  till  they  can  be  all 
treated  of  together ;  which  will  bo  done  in  Part  VII. 


CHAPTER  IV. 


PLATTING  THE  SDRTEr. 
'{jMS)  The  platting  of  a  survey  made  vitli  the  ^mpaas,  consisti 
h  drairmg  on  paper  the  lines  and  the  angles  which  have  been 
tneamred  oa  tiie  ground.  The  lines  are  drawn  "  to  scale,"  as  haa 
been  fully  ezpluned  in  Fart  I,  Chapter  m.  ^e  manner  of  plat- 
ting an^es  was  referred  to  in  Art.  (41),  bat  its  explanation  haa 
been  reserred  for  this  place. 


(S<M)  With  a  Protractor!  A .  Protractor  is  an  instiument 
made  for  Qm  object,  and  is  usaaUy  a  semicircle  of  brass,  as  in  the 
figure,  iritii  its  semi-circomferenoe  divided  into  180  equal  parts,  or 

Fig.  178. 


degrees,  and  nombered  in  botti  directions.  It  is,  in  &ct,  a  ndmar 
tore  of  the  instrument,  (or  of  half  of  it),  mth  which  the  angles 
have  been  measured.  To  lay  off  any  angle  at  any  point  of  a 
strai^t  Hne,  j^ce  the  Protractor  so  that  its  straight  side,  tbe 
diameter  of  die  semi-circle,  is  on  the  gjven  line,  and  the  middle  of 
tibia  diameter,  which  is  marked  by  a  notch,  is  at  the  ^ven  point. 
Willi  a  needle,  or  sharp  pencil,  make  a  mark  on  the  paper  at  the 
required  number  of  degrees,  and  draw  a  Une  from  the  mark  to  the 
given  point. 
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Sometiiaes  tho  protractor  has  an  arm  twrning  on  its  centre,  aoJ 
extending  beyond  ita  circumference,  so  that  a,  line  can  be  at  once 
drawn  bj  it  wlien  it  is  set  to  the  desired  angle.  A  Vernier  soalA 
\a  sometimes  added  to  it  to  increase  ita  precision. 

A  Rectangular  Protractor  13  sometimes  used,  the  diviaiona  of 
degrees  being  engraved  along  three  edges  of  a  plane  scale.  The 
senu^ircular  one  is  preferable.  The  objection  to  the  rectangular 
protractor  is  that  the  division  corresponding  to  a  degree  is  Yeij 
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unequal  on  different  parts  of  tho  scale,  being  usually  two  or  Ihree 
times  as  great  at  ita  ends  as  at  its  middle. 

A  Protractor  embracing  an  entire  circle,  with  arms  carrying 
vermers,  is  also  sometimes  employed,  for  the  sake  of  greater  accu- 
racy. 

(365)  Platting  Bearings.     Since  "Bearmgs"  taken  with  the 

Compass  are  the  angles  which  the  various  lines  make  with  the 
Magnetic  Meridian,  or  the  direction  of  the  compass-needle,  which, 
as  we  have  seen,  remains  always  (approximately)  parallel  to  itself, 
it  is  necessary  to  draw  these  meridians  through  each  station,  before 
laying  off  the  angles  of  the  bearings. 

The  T  square,  shomi  in  Fig.  14,  is  tho  moat  convenient  instru- 
ment for  this  purpose.  The  paper  on  which  the  plat  is  to  be  made 
13  fastened  on  the  board  so  that  the  intended  direction  of  the 
North  and  South  line  may  be  parallel  t«  one  of  the  sides  of  Uie 
board.  The  inner  side  of  the  stock  of  tho  T  square  being  pressed 
against  one  of  the  other  sides  of  tho  board  and  slid  along,  the  edge 
of  tie  long  blade  of  the  square  will  always  be  parallel  to  itself  and 
to  the  first  named  side  of  the  board,  and  will  thus  represent  the 
meridian  passing  through  any  station. 
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If  ft  Btnuglit-edged  drawing 

Vurd  or  table  cannot  be  pro- 

GDied,  nail  down  on  a  table  of 

u;  diape  a  stnughtedged  ro- 

W,ind  sUdfl  along  agunst  it 

UuMtmdeof  the  Btockof  aT  / 

,    Kfion,  one  tdde  of  the  stock 

:   k^  flash  with  the  blade.         i 

k  parallel  ruler  m&j  also  be 

■td,  oae  part    of  it   being 

nnweddown  to  the  board  in 

Aw  poper  position. 

Ifnone  of  these  means  are  at  hand,  approzimatel;  parallel  meri' 

&u  may  be  drawn  bj  the  edges  of  a  common  ruler,  at  distances 

^ut  equal  to  its  width,  and  the  diameter  of  the  protractor  made 

pmllel  to  Ihem  b/  measuiiag  equal  distances  between  it  and  them. 


(M)  To  plat  a  surrey  with  these  instruments,  mark,  with  a  fine 
pnat  encloeed  in  a  circle,  a  convenient  spot  in  the  paper  to  reprc- 
■nt  the  first  station,  1  in  the  figure.     Its  place  must  bo  so  chosen 
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that  the  plat  may  not  "  run  off"  the  paper.  "(Vith  the  X  square 
draw  a  meridiaa  through  it.  The  top  of  the  paper  is  usuallr. 
though  not  necessarily,  called  North.  With  the  protractor  lay  off 
the  angle  of  tho  first  bearing,  as  directed  in  Art,  (261).  Set  off 
the  length  of  the  firafc  Ime,  to  the  desired  scale,  by  Art.  (42),  from 
1  to  2.     Tho  line  1 2  represents  tho  first  course. 

Through  2,  draw  another  meridian,  lay  off  the  angle  of  the 
second  course,  and  set  off  the  length  of  tliis  course,  from  2  to  3. 

Proceed  in  liliB  manner  for  each  course.  When  the  !a3t  course  is 
platted,  it  should  end  precisely  at  the  starting  point,  as  the  survey 
did,  if  it  were  a,  closed  survey,  as  of  a,  field.  If  the  plat  does  not 
"  close,"  or  "  come  together,"  it  shows  some  error  or  inaccuracy 
either  in  the  original  survey,  if  that  have  not  been  "  tested"  by 
Latitudes  and  Departures,  or  m  the  work  of  plattmg.  A  method 
of  correction  ia  explained  in  Art.  (268).  Tho  plat  here  given  is 
the  same  as  that  of  Fig.  175,  page  151, 

This  manner  of  laymg  doivn  the  directions  of  lines,  by  the  anglca 
which  they  make  with  a  meridian  line,  has  a  great  advantage,  in 
both  accuracy  and  rapidity,  over  the  method  of  phitting  lines  by 
the  angles  which  each  makes  with  the  line  which  comes  before  it. 
In  the  latter  method,  any  error  in  the  direction  of  one  Hue  makes 
all  that  follow  it  also  wrong  in  their  directions.  In  the  former,  the 
direction  of  each  line  is  independent  of  the  precedmg  line,  thoii^ 
iis  position  would  be  changed  by  a  previous  error, 

Instead  of  drawmg  a  meridian  through  each  station,  somctimea 
only  one  is  drawn,  near  tho  middle  of  tlie  sheet,  and  all  the  hear- 
ings of  tho  survey  are  laid  off  from  some  one  point  of  it,  as  shown 
in  the  figure,  and  numbered  to  correspond  nith  the  staiiona  from 
which  these  bearings  were  taken.  The  circular  proti-actor  is  conve- 
nient for  this.  They  are  then  transferred  to  the  places  where 
they  are  wanted,  by  a  triangle  or  other  parallel  ruler,  as  explained 
on  page  27.  The  figure  at  the  top  of  the  next  page  represento 
the  same  field  platted  hj  this  method. 

A  semi-circular  protractor  ia  sometimes  attached  to  the  stock 
ond  of  the  T  square,  so  that  ita  blade  may  be  set  at  any  desired 
angle  with  the  meridian,  and  any  bearing  be  thus  protracted  witt 
out  drawing  a  meridian.     It  has  some  inconveniences. 


i 
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(2(7)  The  Compass  itself  maj  be  used  to  plat  bearings.  For 
thu  pnrpose  it  must  be  attached  to  a  square  board  so  that  the  N 
and  S  line  of  the  compass  box  may  be  parallel  to  two  opposite 
edges  of  the  board.  This  is  placed  on  the  paper,  and  the  box  is 
turned  till  the  needle  points  as  it  did  when  the  first  bearing  was 
taken.  Then  a  line  drawn  by  one  edge  of  the  board  will  be  in  a 
proper  direction.  Mark  off  its  length,  and  plat  the  next  and  the 
succeedmg  bearings  in  the  same  manner. 


(268)  When  the  plat  of  a  survey  does  not  "  close,"  it  may  be 
corrected  as  follows.    Let  Fig.  i83. 

ABODE  be  the  boimdary  fi' 


^jcr 


Unes  platted  according  to 
the  given  bearings  and 
distances,  and  suppose  that 
the  last  course  comes  to  E,  A<<*^" 
instead  of  ending  at  A,  as 
it  shodid.  Suppose  also 
that  there  is  no  reason  to  ^ 
suspect  any  single  great 
error,  and  that  no  one  of  the  lines  was  measured  over  very  rough 
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ground,  or  was  specially  uncertain  in  ita  direction  when  obseired. 
The  inaccuracy  must  then  be  distributed  among  all  the  lines  in 
proportion  to  tJieir  length.  Each  point  in  the  figure,  B,  C,  D,E,  must 
be  moved  in  a.  direction  parallel  to  EA,  by  a  certain  distance  irhich 
ia  obtained  thus.  Multiply  the  distance  EA  by  the  distance  A3, 
and  divide  by  the  sum  of  all  tlie  courses.  The  quotient  will  be  the 
distance  BB'.  To  get  CC,  multiply  EA  by  AE  +  EC,  and  divide 
the  product  by  the  same  sum  of  all  the  courses.  To  get  DD',  mul- 
tiply EA  by  AB  +  BC  +  CD,  and  divide  as  before.  So  for  any 
course,  multiply  by  the  sum  of  the  lengths  of  that  course  and  of  all 
those  preceding  it,  and  diiide  aa  before.  Join  the  points  thoa 
obtained,  and  the  closeil  polygon  AB'C'D'A  will  thus  be  formed, 
and  will  be  the  most  probable  plat  of  the  given  survey.' 

The  method  of  Latitudes  and  Departures,  to  bo  exrpluned  Here- 
afler,  is,  however,  the  best  for  effcctmg  this  object. 

(369)  Field  PlattiupTi  It  is  sometiiacs  desirable  to  plat  tfae 
courses  of  a  survey  in  the  field,  as  soon  as  they  are  taken,  na  wm 
mentioned  in  Art.  (217),  under  the  head  of  "  Keeping  the  field- 
notes."  One  method  of  doing  this  is  to  have  the  paper  of  flie 
Field-book  ruled  with  parallel  lines,  at  unequal  distances  apart, 
and  to  use  a  rectangular  pro-  yi".  isi. 

tractor  (which  may  be  made 
of  Bristol-board,  or  other  stout 
drawing  paper,)  with  lines  rul- 
ed across  it  at  equal  distances 
of  some  fraction  ^f  an  inch.  A 
bearing  having  been  taken  and 
noted,  the  protractor  is  laid  on 
Hie  paper  and  its  centre  placed  at  the  station  where  the  bearing  is 
to  bo  laid  off.  It  is  then  turned  till  one  of  ita  cross-lines  coincides 
with  some  one  of  the  lines  on  the  paper,  which  represent  East  and 
"West  lines.  The  long  side  of  the  protractoi  will  then  be  on  a 
meridian  and  the  proper  angle  (40°  in  the  figure)  can  be  at  once 
marked  off.  T'he  length  of  the  course  can  also  be  set  off  by  the 
equal  spaces  between  tho  cross-lines,  letting  each  space  represent 
aay  convenient  number  of  links. 
*  Tliis  was  (Iciiioniirnled  by  Dr.  Bdwditch,  in  No.  i,  of  "  The  AnolytL'' 
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(270)  A  common  rectangular  protractor  without  an;  crosa-lines, 
ae  a  semi-<^nlar  one,  can  also  Fig.^iss. 

be  used  for  the  some  purpose. 
The  parallel  lines  on  the  paper 
(wluch,  in  thia  method,  may 
bo  equi-distant,  as  in  common 
ruled  wiitifig  paper)  will  now 
represent  meridians.  Place 
the  centre  of  the  protractor 
on  the  meridian  nearest  to  the 
station  at  which  the  angle  is  to 
be  Iwd  off,  and  turn  it  till  tiie 


g^ren  number  of  degrees  is  cut  bj  the  meridian.  Slide  the  pro- 
tractor np  or  down  the  meridian  (which  must  continue  to  pass 
diroogh  tho  centre  and  the  proper  degree)  till  its  edge  passes 
through  the  station,  and  then  draw  by  this  edge  a  lino,  which  will 
have  the  bearing  required. 


(S71)  Paper  ruled  into  tqaarea,  (as  are  sometimes  the  right- 
hand  pages  of  surveyors'  field-books),  may  be  used  for  platting 
bearing  in  the  field.  The  lines  running  up  the  page  may  be  called 
North  and  Soufli  lines,  and  those  running  across  the  page  will  then 
be  East  and  West  lines.  Any  course  of  the  survey  will  be  the 
hypothenuse  of  a  right-angled  triangle,  and  the  ratio  of  its  other 
two  ndes  will  determine  the 
angle.  Thus,  if  the  ratio  of 
the  two  adea  of  the  right-an- 
gled triangle,  of  which  the  line 
AB  in  the  figure  is  the  hypoth- 
enuse, is  1,  that  line  makes  an 
an^e  of  45°  with  the  meridian. 
If  the  ratio  of  the  long  to  the 
short  side  of  the  right-an^ed 
hiangle  of  which  the  Une  AC 
is  the  bypothenose,  is  4  to  1, 
the  line  AC  makes  an  angle 
of  14°  with  the  meridian.     The  line  AP,  the  hypothenuse  of  an 
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equal  triangle,  wMcli  Las  its  long  side  lying  Eaat  and  West,  makei 
likewise  an  angle  of  14°  mih  that  side,  and  therefore  makes  an 
angle  of  76°  with  the  meridian.' 

To  facilitate  the  use  of  thia  method,  the  following  table  has  boen 
prepared. 

TABLE   FOR    PLATTINQ    BY    gJUARES. 


h 

Rntln  Qf 

h 

n 

s- 

3- 

57.310  J 

89= 

■ij 

28.6  10  1 

88" 

8" 

19.110  1 

87° 

4u 

14.3  10  1 

B«o 

b" 

11.410  1 

8.6° 

fl" 

9.6  10  1 

84° 

8.1  to  1 

83° 

«" 

7.110  1 

8?,= 

H" 

6.3  to  1 

81° 

HF 

5.7  to  1 

8(1° 

w^ 

6.1  to  1 

79t 

12^ 

4.9  10  1 

78= 

13" 

4.3  to  1 

77° 

14" 

4.0  to  1 

76° 

16" 

3.7  to  1 

76= 

it 

ll 

'J 

di6R  «de. 

?,fi 

S' 

16'' 

3.49  10  1 

74" 

17" 

3.27  to  1 

73" 

18" 

3.08  to  1 

72" 

19" 

2.90  to  1 

71° 

ai" 

2.76  to  1 

70° 

21" 

2.61  to  1 

69° 

220 

2.48  to  1 

68" 

23" 

2.36  to  1 

67" 

24= 

2.25  to  1 

66" 

26" 

2.14  to  1 

65" 

26" 

2.06  to  1 

64" 

27" 

1.96  to  1 

63" 

28" 

1.88  to  1 

62" 

29=11.80  to  1 

61° 

30oll.73tol 

60° 

t 

.hoit  side. 

4 

32° 
33^ 
34° 
35° 
36^ 
37° 
38= 
39° 
40° 
41<^ 
42= 
43° 
44° 
4S° 

1.664  to  1 
1.600  to  1 
1.540  to  1 
1.483  to  1 
1.428  to  1 
1.376  to  J 
1.327  to  1 
1.280  to  1 
1.235  to  1 
1.192  to  1 
1.150  to  1 
1.111  to  1 
1.072  to  1 
1.036  lo  1 
1.000  to  1 

59° 
58» 
57° 
56° 
65° 
64° 
63° 
62° 
51° 
50° 
49° 
48° 
47° 
46° 
45° 

To  use  this  table,  find  in  it  tiie  ratio  corresponding  to  the  angts 
wluch  you  wish  to  plat.  Then  count,  on  the  ruled  paper,  any 
number  of  squares  to  the  right  or  to  the  left  of  the  point  wliich 
represents  the  station,  according  as  your  bearing  was  East  or  West; 
and  count  upward  or  downward  according  as  your  bearing  was  North 
or  South,  the  number  of  squares  given  by  multiplying  the  first  num- 
ber by  the  ratio  of  the  Table.  Thus ;  if  the  given  bearing  from  A 
in  tie  figure,  was  N.  20°  E.  and  two  squares  were  counted  to  the 
right,  then  2  x  2.75  =  5  J  squares,  should  be  counted  upward,  to 
E,  and  AE  would  be  the  required  course. 


(272)  Wllh  a  paper  protraclor.     Engraved  paper  protractoa 
may  be  obtained  from  the  instrument-makers,  and  arc  very  conre- 


■  This  and  oil  li.e  following  raiiui 
IricBlTublei;  for  ibo  ralio  of  ihe 
■akea  ai  unily,  ia  Ihe  naLnral  cdIbus 


nay  be  obi  at  u<^  directly  from  TrigonniD» 
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nient.  A  circle  of  large  size,  divided  into  degrees  and  quarters, 
is  engraved  on  copper,  and  impressions  from  it  are  taken  on  draw- 
ing paper.  The  divisions  are  not  numbered.  Draw  a  straight  line 
to  represent  a  meridian,  uhrough  the  centre  of  the  circle,  in  any 
convenient  direction.  Number  the  degrees  from  0  to  90^,  each 
way  from  the  ends  of  this  meridian,  as  on  the  compass-plate.  The 
protractor  is  now  ready  for 
use.  Choose  a  convenient 
pmnt  for  the  first  station. 
Suppose  the  first  bearing  to 
be  N.  80°  E.  The  Ime  pass- 
mg  through  the  centre  of  the 
circle  and  through  the  oppo- 
mte  points  N.  30°  E.  and  S. 
80®  W.  has  the  bearing  re- 
quired. But  it  does  not  pass 
through  the  station  1.  Transfer  it  thither  by  drawing  through 
station  1  a  line  parallel  to  it,  which  will  be  the  course  required,  its 
proper  length  being  set  off  on  it  from  1  to  2.  Now  suppose  the 
bearing  firom  2  to  be  S.  60°  E.  Draw  through  2  a  line  parallel 
to  iiie  line  passing  through  the  centre  of  the  circle  and  through 
the  opposite  poinia  S.  60°  E.,  and  N.  60°  W.,  and  it  will  be  the 
line  desired.  On  it  set  off  the  proper  length  from  2  to  3,  and  so 
proceed. 

When  the  plat  is  completed,  the  engraved  sheet  is  laid  on  a 
clean  one,  and  the  stations  ^^  pricked  through,"  and  the  points  thus 
obtained  on  the  clean  sheet  are  connected  by  straight  lines.  The 
pencilled  plat  is  then  rubbed  off  from  the  engraved  sheet,  which  can 
be  used  for  a  great  number  of  plats. 

If  the  central  circle  be  cut  out,  the  plat,  if  not  too  large,  can  be 
made  directly  on  the  paper  where  it  is  to  remain. 

The  surveyor  can  make  such  a  paper  protractor  for  himself,  with 
great  ease,  by  means  of  the  Table  of  Chords  at  the  end  of  this 
volume,  the  use  of  which  is  explained  in  Art.  (275) .  The  engraved 
ones  may  have  shrunk  after  being  printed. 

Such  a  circle  is  sometimes  drawn  on  the  map  itself.  This  will 
be  particularly  convenient  if  the  bearings  of  any  lines  on  the  map. 
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not  taken  on  the  ground,  are  likely  to  bo  required.     K  the  map  he 
very  long,  more  tJian  one  may  be  needed. 

(373)  Drawing- Board  Protraclori  Such  a  divided  circle,  ll 
has  just  been  described,  or  a  circular  protractor,  may  be  placed  on 
a  drawing  board  near  ita  cer.;re,  and  bo  that  its  0°  and  90'  lints 
are  parallel  to  the  sides  of  the  drawing  board.  Lines  are  then  to 
be  drawn,  through  the  centre  and  opposite  divisions,  by  a,  mlof 
long  enough  to  reach  the  edgea  of  the  drawing  board,  onvrhiflh 
they  are  to  be  cut  in,  and  numbered.  The  drawing  board  thus 
becomes,  in  fact,  a  double  rectangular  protractor.  A  strip  of 
white  paper  may  have  previously  been  pasted  on  the  edges,  or  i 
narrow  strip  of  white  wood  inlaid.  When  this  ia  to  be  used  for 
platting,  a  sheet  of  paper  ia  put  on  the  board  as  usual,  and  lines 
are  drawn  by  a  ruler  laid  across  the  0°  points  and  the  90°  poinis, 
and  the  centre  of  the  circle  is  at  once  found,  and  should  be  marked 
Pi.     The  bcaiings  are  then  platted  as  in  the  last  mctlmd. 

(274)  With  a  scale  of  chords.  On  the  plane  scale  contained 
in  cases  of  mathematical  drawing  instruments  will  be  found  a  series 
of  diyisions  numbered  fram  0  to  90,  and  marked  C  H  >  or  C- 
This  is  a  scale  of  chords,  and  gives  the  lengths  of  the  chords  of 
any  arc  for  a  radiua  equal  in  length  to  the  chord  of  60°  on  dw 
scale.     To  lay  off  an  angle  with  this  scale,  as  for  ^''S-  i^B, 

example,  to  draw  a  lino  making  at  A  an  angle 
of  40°  with  AB,  take,  in  the  dividers,  the  dis-  ^ 
tances  from  0  to  60  on  the  scale  of  chords ;  with 
tliig  for  radiua  and  A  for  centre,  describe  an  in- 
definite arc  CD.  Take  the  distance  from  0  to 
40  on  the  same  scale,  and  set  it  off  on  the  arc  as 
a  chord,  from  C  to  some  point  D.  Join  AD,  and 
prolong  it.     BAE  is  the  angle  ref[uired. 

The  Sector,  represented  on  page  36,  supplies  &  modification  of 
this  method,  sometimes  more  convenient.  On  each  of  its  legs  il 
a  scale  marked  C,  or  CU.  Open  it  at  pleasure  ;  extend  the  com- 
pass from  60  to  60,  one  on  each  leg,  and  with  this  radius  describe 
an  arc.     Then  extend  the  compasses  from  40  to  40,  and  the  di» 
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tnce  mQ  be  tlie  chord  of  40°  to  that  radius.     It  can  be  set  off  lu 
iboTe. 

Tim  Bmallness  of  the  scale  renders  the  method  with  a  scale  of 
(Mi  praelacallj  deficient  in  exactness ;  but  it  serves  to  illustrate 
the  not  and  bett  meftod. 

(Hi)  With  a  Table  of  chords,  At  the  end  of  this  volume 
liE  be  foand  a  Table  of  the  lengths  of  the  chords  of  arcs  for  every 
iigm  and  imnat«  of  the  quadrant,  calculated  for  a  radius  equal 
tol. 

To  use  it,  take  in  the  compasses  one  inch,  one  foot,  or  ai^  other 
cwTemeat  distance  (the  longer  the  better)  divided  into  tenths  &n<I 
hmdieddis,  by  a  diagonal  seals,  or  otherwise.  With  this  aa  radius 
dveribe  an  arc  as  in  the  laat  caae.  find  m  Uie  table  of  chords 
it  length  of  the  chord  of  the  desired  angle.  Take  it  from  the 
Mtle  just  used,  to  iite  nearest  decimal  part  which  the  scale  ^vil] 
S-in.  Set  it  off  as  a  chord,  as  in  Uie  last  figure,  and  join  the  point 
thm  obtuned  to  the  starting  point.  This  gives  the  angle  desired. 
Hie  raperiotity  of  this  method  to  that  which  employs  a  protrac- 
tor, it  doe  to  the  greater  precision  with  which  a-  straight  line  can 
In  dinded  than  can  a  circle. 

A  dight  modification  of  this  method  is  to  take  in  the  compasses 
10  eqnsl  parts  of  any  convenient  length,  inches,  half  inches,  quar- 
to inches,  or  any  other  at  hand,  and  with  this  radius  describe  an 
"*  u  before,  and  set  ofi*  a  chord  10  times  as  great  as  the  one 
•Wnd  m  the  Table,  i,  e.  imagine  the  decimal  point  moved  one 
Pl«e  to  the  right. 

If  Uia  radios  be  100  or  1000  equal  parts,  imagine  the  decimal 
f^ot  moved  two,  or  three,  places  to  the  right, 

*niatever  radius  may  be  taken  or  ^ven,  the  product  of  tliat 

'"'fi'Minto  a  chord  of  the  Table,  will  give  the  chord  for  that  radius, 

-^ita  gjvea  an  easy  and  exact  method  of  getting  a  right  angle ; 

^  ^escribmg  an  arc  with  a  radius  of  1,  and  setting  off  a  chord 

^^lal  to  1.4142. 

-if  the  angle  to  be  constructed  is  more  than  90°,  construct  on 
*®  ether  side  of  the  ^ven  point,  upon  the  ^ven  line  prolonged, 
■"gle  equal  to  what  the  ^ven  angle  wants  of  180* 
**?»p(emeni,  in  the  language  of  Trigonometiy. 
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Thia  same  Table  gives  the  means  of  measuring  any  angle. 
With  the  angular  point  for  a  centre,  and  1,  or  10,  for  a.  radius, 
describe  an  tiro.  Measure  the  length  of  the  chord  of  the  arc 
between  the  legs  of  the  angle,  find  this  length  in  the  Ta^ile,  and 
the  angle  corresponding  to  it  is  the  one  desired.* 

(276)  With  a  Table  of  nataral  sines.     In  the  absence  of  ■ 

Table  of  chords,  heretofore  rare,  a  table  of  natural  sines,  wWoh  can 
be  found  anywhere,  may  ba  used  as  a  less  convenient  aubstitote,' 
Smce  the  chord  of  any  angle  equals  twice  the  sine  of  half  tlie 
angle,  divide  the  given  angle  by  two ;  find  m  the  table  the  natural 
sine  of  this  half  angle  ;  double  it,  and  the  product  is  the  chord  of 
the  whole  angle.  This  can  then  be  used  precisely  as  was  the 
chord  in  the  preceding  article, 

An  ingenious  modification  of  this  method  has  been  much  nsed. 
Describe  an  ai-c  from  the  given  pomt  as  centre,  as  in  the  last  ttro 
artjcles,  but  with  a  radius  of  5  equal  parts.  Take,  &om  a  Table, 
the  length  of  the  natural  sine  of  half  the  given  angle  to  a  raditu  of 
10.  Set  off  this  length  as  a  chord  on  the  arc  just  deaeribod,  and 
join  the  poiut  thus  obtained  to  tlie  given  point.f 

(217)  By  Latitudes  and  Departures.  When  the  Latitndea 
and  Departures  of  a  survey  have  been  obtained  and  corrected,  (m 
expltuned  in  Chapter  V),  either  to  test  its  accuracy,  or  to  obtun 
ita  content,  they  afford  the  easiest  and  best  means  of  platting  it 
The  description  of  this  method  will  he  given  in  Art.  (285). 
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Mulliplj  the  given  angle  by  Iwo ;  Rnci,  in  Ihe  Table,  (lie  cbonl  L>f  ihis  donUi 
angle ;  aud  half  of  tliis  cliord  will  be  ihe  nnlural  Bine  required  Vor,  Ihe  choiJ 
of  any  anelo  ii  e<|ub1  Id  twice  Ihe  line  of  bnlf  the  angle.  To  6nd  the  eeime,  pro- 
ceed u  atiovc,  with  tlie  ansle  which  added  to  the  given  angle  wuuld  make  ^0°. 

Anolher  nse  of  ihii  Table  is  to  irscribo  reeular  polygem  in  a  circle  by  (ettiog 
off  the  chorda  of  Ihe  arci  which  their  lideg  eubtend. 

Still  another  lue  ii  to  divide  an  are  or  angle  into  any  nomber  a{  eqaij  pmrli 
by  getting  off  the  fmclional  arc  or  aogle.  Fig.  lea. 
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BAO,  lo  a  radim  of  10  equal  {lurtB,  and 
BO  is  Ihe  chnrd  directed  to  be  aet  off,  to  a 
radini  of  S  innal  psi-ts.  BO  ii  equal  to  DE  i 
for  BO  =  2.DF.  by  Trigonomelry,  and  DB 
~  2.BF,  by  similur  triangles  ;  heiicc  BO  = 
DE. 


CHAPTER  V. 


LATITUDES  AND  DEPARTURES 

(278)  Definitions.  The  Latitude  of  a  point  is  its  distance 
North  or  South  of  some  "  Parallel  of  Latitude^^^  or  line  running 
East  or  West.  The  Longitude  of  a  point  is  its  distance 
East  or  West  of  some  "iKmcKaw,"  or  line  ruiming  North  and 
Souili.  Li  Compass-Surveying,  the  Magnetic  Meridian,  i,  e.  the 
direction  in  which  the  Magnetic  Needle  points,  is  the  line  from 
which  the  Longitudes  of  points  are  measured,  or  reckoned. 

The  distance  which  one  end  of  a  line  is  due  North  or  South  of 
the  other  end,  is  called  the  Difference  of  Latitude  of  the  two  ends 
of  the  line ;  or  its  Northing  or  Southing  ;  or  simply  its  Latitude. 

The  distance  which  one  end  of  the  line  is  due  East  or  West  of 
the  other,  is  here  called  the  Difference  of  Longitude  of  the  two 
ends  of  the  line ;  or  its  Hasting  or  Westing;  or  its  Departure. 

Latitudes  and  Departures  are  the  most  usual  terms,  and  will  be 
generally  used  hei^afler,  for  the  sake  of  brevity. 

Tlds  subject  may  be  illustrated  geographically,  by  noticing  that 
a  traveller  in  going  from  New-York  to  Buffalo  in  a  straight  line, 
would  go  about  150  miles  due  north,  and  250  miles  due  west. 
These  distances  would  be  the  differences  of  Latitude  and  of  Longi- 
tude between  the  two  places,  or  his  Northing  and  Westing.  Re- 
ionmig  from  Buffido  to  New-York,  the  same  distances  would  be 
his  Southing  and  Easting.* 

In  mathematical  language,  the  operation  of  finding  the  Latitude 
and  Longitude  of  a  hne  from  its  Bearing  and  Length,  would  be 
called  the  transformation  of  Polar  Co-ordinates  into  Bectangular 
Co-ordinates.  It  consists  in  determining,  by  our  Second  Principle, 
Qie  position  of  a  point  which  had  originally  been  determined  by 
the  TJdrd  Principle.    Thus,  in  the  figure,  (which  is  the  same  as 

*  It  ihoald  be  remembered  that  the  folIowiDg  discussions  of  the  Latitudes  and 
Longitudes  of  the  poinis  of  a  survey  will  not  always  be  fully  applicable  to  those 
of  distant  places,  such  as  the  cities  just  named,  in  consequence  of  the  surface  of 
tho  earth  nor  being  a  plane. 
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that  of  Art.(9)),tlio  point  Sis  detci-mm- 
ed  by  the  angle  SAC  and  hj  the  dis- 
tance AS.  It  is  also  dotflrmined  bj  the 
distances  AC  and  CS,  measured  at  right 
angles  to  each  other ;  and  then,  supposing  ^ 
Ca  to  run  due  North  and  South,  CS  mil  be  the  Latitude,  and  AC 
ihe  Departure  of  the  line  AS. 


(379)  Calculation  of  Lalitndes  and  Departares.       Let  AS 

be  a  given  line,  of  which  the  length  Kie.  I9i. 

AB,  and  the  hearing  (or  angle,  BAG, 

which   it  makes    with   the   Magnetic 

Meridian),  are  known.     It  is  required 

to  find  the  diflerences  of  Latitude  ana 

of  Lon^tude  between  its  two  extrenu- 

ties  A  and  B  i  that  ia,  to  find  AC  and 

CB;  or,  what  is  the  same  thing,  ED    n= 

and  DA. 

It  will  be  at  once  seen  that  AB  is 
the  hjpothenuse  of  a  right-angled  tri- 
angle, in  which  the  "Latitude"  and  the  "Departure "are the «da 
aboat  the  right  angle.  We  therefore  know,  from  the  principles  of 
trigonometry,  that 

AC  =  AB.co3.  BAC, 
BC  =  AB .  Bin.  BAC. 

Hence,  to  find  the  Latitude  of  any  course,  multiply  the  natnnl 
cosine  of  the  bearing  by  the  length  of  the  course ;  and  to  find  flie 
Departure  of  any  cour8e,  multiply  the  natural  sine  of  the  bearing 
by  the  length  of  the  course. 

If  the  course  be  Northerly,  the  Latitude  will  be  North,  and 
will  be  marked  with  tho  algebraic  sign  -{-jplus,  or  additive;  if 
it  be  Southerly,  the  Latitude  will  be  South,  and  will  be  marked 
with  the  algebraic  sign  — ,  minus,  or  subtractive. 

If  tiie  course  be  Easterly,  the  Departure  will  be  East,  and 
marked  4  ,  or  additive ;  if  the  course  be  Westerly,  the  Departura 
will  be  West,  and  marked  — ,  or  subtractive. 
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(!8t)  Fomtlas.     The  rules  of  the  preceding  article  may  1>e 
expressed  thus ; 

Latitude  =  Distance  x  cos.  Bearing, 
Departure  =  Distance  X  sin.  Bearing.* 
FrtHn  these  formulas  may  be  obtained  others,  by  wluch,  when 
a&7  two  of  the  above  four  things  are  given,  the  remaimng  two  can 
befimnd. 

When  the  Bearing  and  Latitude  are  given; 

Distance  =  — ^s-^-^  =  Latitude  X  sec.  Bearing, 

COS.  Beariug  ^' 

Departure  =  Latitude  x  tang.  Bearing. 

When  the  Bearing  and  Departure  are  given  ; 
Distance  =     eparture  _  Departure  X  cosec.  Bearing, 

8in.  Bearing  *  °' 

Latitude  =  Departure  x  cotang.  Bearing. 

When  the  Distance  and  Latitude  are  given  ; 

r%       Tk       •  Latitude 

Cos.  Beaoing  =  ^r;jjj^. 

Departure  =  Latitude  X  tang.  Bearing. 
When  the  Distance  and  Departure  are  given  ; 

Q.      -Tk       •  Departure 

Sm.  Bearing  =  -d^j;;^^, 

Latitude  =  Departure  X  cotang.  Bearing. 
When  the  Latitude  and  Departure  are  given  ; 

m  i»-o       •  Departure 

Tang.ofBearmg  =  -3;^jj^, 

Distance  =3  Latitude  X  sec.  Bearing. 
Still  more  simply,  any  two  of  these  three — Distance,  Latitude 
*^d  Departure — being  given,  we  have 

Distance  =  ^(Latitude^  +  Departure') 
Latitude  =  VCI^is^ance'  —  Departure') 
Departure  =  V  (Distance'  — Latitude') 

^  (281)  TraTerse  Tables.  The  Latitude  and  Departure  of  any 
^"^'UJce,  for  any  bearing,  could  be  found  by  the  method  given  in 
-^t  (179),  -with  the  aid  of  a  table  of  Natural  Sines.    But  to 

^^1  J'^enever  sines,  cosines,  taneents,  &c.,  are  here  named,  they  mean  the  natu 
?*«iiiei.  Ac.,  of  an  arc  described  with  a  radius  equal  to  sm*,  or  to  ti»  unit  by 
^ich  the  sines,  &c.,  are  measured. 
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facilitate  these  calculations,  which  are  of  bo  &eqaent  ocooirence 
and  of  80  great  use,  Travcrie  Tables  have  been  prepared,  ori^ 
all;  for  aavigators,  (whence  the  name  Traverse),  and  Bubscqneotlj 
for  survey ora.' 

The  Traverse  Table  at  the  end  of  (his  volume  gives  the  Latitude 
and  Departure  for  any  bearing,  to  each  quarter  of  a  degree,  and 
for  distances  from  1  to  9. 

To  use  it,  find  in  it  the  number  of  degrees  in  the  bearing,  on 
the  left  hand  side  of  the  page,  if  it  bo  less  than  45°,  or  on  the  right 
hand  wde  if  it  he  more.  The  numbers  on  the  aame  line  running 
across  the  page,f  are  the  Latitudes  and  Departures  for  that  bea^ 
ing,  and  for  the  respective  distances — 1,  2,  3,  4,  5,  6,  7,  8,  9,— 
which  are  at  the  top  and  bottom  of  the  page,  and  which  mij 
represent  chains,  links,  rods,  feet,  or  any  other  unit.  Thus,  if  4e 
bearing  be  15°,  and  the  distance  1,  the  Latitude  would  he  0,966 
and  the  Departure  0.259.  For  the  same  bearing,  but  a  distaitce 
of  8,  the  Latitude  would  be  7.727,  and  the  Departure  2.071. 

jVny  distance,  however  great,  can  have  its  Latitude  and  Depv 
ture  readily  obt^ed  from  this  table ;  since,  for  the  same  bearing, 
they  are  dh-ectly  proportional  to  tbo  distance,  because  of  the  gimi- 
lar  triangles  which  they  form.  Therefore,  to  find  tJie  Latitude  it 
Departure  for  GO,  multiply  that  for  6  by  10,  which  merely  movM 
the  decimal  point  one  place  to  the  right ;  for  500,  multiply  the 
numbers  found  in  the  Table  for  5,  by  100,  i.  e.  move  the  decimal 
point  two  places  to  the  right,  and  so  on.  Merely  moving  the  deri- 
mal  point  to  the  right,  one,  two,  or  more  places,  will  therefore 
enable  this  Table  to  give  the  Latitude  and  Departure  for  any  deci- 
mal multiple  of  the  numbers  in  the  Table. 

For  compound  numbers,  such  as  873,  it  is  only  necessaiy  to 
find  separately  the  Latitudes  and  Departures  of  800,  of  70,  and  rf 
3,  and  add  them  together.  But  this  may  be  done,  with  scarcely 
any  risk  of  error,  by  the  following  skople  rule. 

*  Tbe  firilTiuveracTuUe  for  SurvpynriEecmalaliBve  been  published  in  IfSl. 
hf  John  »ale.  Tlio  tziciBt  exieiisive  table  is  ihal  of  Capl,  Boiluau,  of  the  Gritiih 
army,  beiag  calculated  far  eveiy  minule  of  bearing,  Hnd  to  five  docimal  place*, 
far  dielanccB  tmm  1  lo  10,  The  Table_  ia  this  volame  wbb  calcntatcd  far  it,  and 
tbeo  compared  wilh  the  one  jiist  mealiDiieil. 
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Write  down  the  Latitude  and  Departure  for  the  first  figure  of 
the  ^Yen  number,  as  found  in  the  Table,  neglecting  the  decimal 
point ;  write  under  them  the  Latitude  and  Departure  of  the  second 
figure,  setting  them  one  place  farther  to  the  right ;  under  them 
write  the  Latitude  and  Departure  of  the  third  figure,  setting  them 
one  place  fiurther  to  the  right,  and  so  proceed  with  all  the  figures 
of  ike  gLven  number.  Add  up  these  Latitudes  and  Departures, 
and  cut  off  the  three  right  hand  figures.  The  remaining  figures 
win  be  tiie  Latitude  and  Departure  of  the  given  number  in  links, 
or  chains,  or  feet,  or  whatever  unit  it  was  given  in. 

For  example ;  let  the  Latitude  and  Departure  of  a  course  hav 

ing  a  distance  of  873  links,  and  a  bearing  of  20^,  be  required.    In 

the  Table  find  20^,  and  then  take  out  the  Latitude  and  Departure 

jEbr  8,  7  and  3,  in  turn,  placing  them  as  above  directed,  thus : 

Distances.  Latitudes.                 Departures. 

800  7518                         2736 

70  6578                        2394 

_3  2819  *               1026 

873  820.399  298.566 

Taking  the  nearest  whole  numbers  and  rejecting  the  decimals, 

we  find  the  desired  Latitude  and  Departure  to  be  820  and  299.^ 
When  a  0  occurs  in  the  given  number,  the  next  figure  must  be 

«et  two  places  to  the  right,  the  reason  of  which  will  appear  firom 

the  following  example,  in  which  the  0  is  treated  like  any  other 

number. 

Given  a  bearing  of  35^,  and  a  distance  of  3048  links. 

Distances.  Latitudes.  Departures. 
3000  2457  1721 
000  0000  0000 
40  3277  2294     . 
8  6553  4589 

3048  2496.323  1748.529 

Here  the  Latitudes  and  Departures  are  2496  and  1749  links. 

*  It  18  frequently  doubtful,  in  many  calculations,  when  the  final  decimal  is  5, 
whether  to  increase  the  preceding  figure  by  one  or  not.  Thus,  43.5  may  be  called 
49  or  44  with  equal  correctness.  It  is  better  in  such  cases  not  to  increase  the 
ivhote  number,  so  as  to  escape  the  trouble  of  changing  the  original  figure,  and 
the  incrvased  chance  of  error.  If,  however,  more  than  one  such  a  case  occurs  in 
the  same  column  to  be  added  up,  the  larger  and  smaller  number  should  be  taken 
alternately. 
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WhcE  the  bearing  is  over  45°,  the  names  of  the  colunms  nuut 
be  read  from  the  bottom  of  the  page,  the  Latitude  of  any  besrtag 
aa  50°,  being  the  Departure  of  the  complement  of  this  bearing,  or 
40%  and  the  Departure  of  40°  heing  the  Latitude  of  50",  &c.  The 
reason  of  this  will  be  at  once  seen  on  mapectaDg  the  last  figure,  (pags 
170),  and  imagining  the  East  and  West  line  to  become  a  Men- 
diaa.  For,  if  AC  be  the  magnetic  meridian,  as  before,  and  there- 
fore BAG  be  the  bearing  of  the  courso  AB,  then  is  AC  the  lati- 
tude, and  CB  the  Departure  of  that  course.  But  if  AE  bo  the 
meridian  and  BAD  (the  complement  of  BAC)  be  the  bearing, 
then  is  AD  (which  is  equal  to  CB)  the  Latitude,  and  DB,  (ffhich 
is  equal  to  AC),  the  Departure. 

As  an  example  of  this,  let  the  bearing  be  63J°,  and  the  distance 
3469  links.     Proceeding  as  before,  we  have 

IHitanccB.  Latitudes.  Departure!. 

3000  1350  2679 

400  1800  3572 

60  2T01  5358 

9  4051  8037 


3469.  1561.061  3097.817 

The  re(]uired  Latitude  and  Departure  are  1561  and  3098  linlo. 

In  the  few  cases  occurring  in  Compass-Surveying,  in  which  fl» 
bearing  is  recorded  as  somewhere  between  the  fractions  of  a  degree' 
^ven  in  the  Table,  its  Latitude  and  Departure  may  be  found  bj 
interpolation.  Thus,  if  tlie  bearing  be  101°,  take  tlie  half  sum  of 
the  Latitudes  and  Departures  for  10J°  and  10^°.  If  it  bo  lO"  20', 
add  one-third  of  the  difference  between  the  Lata,  and  Deps.  for 
10^  and  for  10^°,  to  those  opposite  to  lOJ" ;  and  so  in  any  siimlar 
ease. 

The  uses  of  this  table  are  very  varied.  The  pnncipal  apptica- 
liona  of  it,  which  will  now  be  explained,  are  to  TetUng  the  aceit- 
racjj  of  survei/s;  to  Supplying  omUnom  in  them;  to  Picking 
them,  and  to  Calculating  their  content." 

*  The  TivfEFBc  Table  admiti  oTiDaay  DlLcr  mmiir  ii>e«.  Ttini,  it  may  be  Hied 
for  wiving,  npproiimatcly,  niiy  rigbt-DDglci]  triangle  by  niere  inipection,  dM 
beariag  being  lakao  for  rnie  of  ihp  scute  BDslei'.  (he  Lalituiie  bping  thesidttad- 
JBcent,  ihe  Depanure  ihe  liile  opnoailo,  and  (be  Dislance  the  bypnibenute.  kaf 
two  of  thoK  being  given,  the  othen  nre  given  Ly  tbe  Tabid.  Tbe  Titbl«  wiU 
therefore  ictve  to  ibow  the  allowuica  tu  be  msile  in  cliaining  on  ilopea  (ne  Ail 
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(282)  Applieatfon  to  Testing  a  Suirey.    It  is  self-evident, 

^ia^  when  the  survejor  has  gone  completely  aroun  1  a  field  or 

ten,  taldng  the  bearings  and  distances  of  each  boundary  line,  till 

b  has  got  back  to  the  starting  point,  that  he  has  gone  precisely 

.  lafiur  South  as  North,  and  as  far  West  as  East.    But  the  sum  of 

I  ttft  North  Latitudes  tells  how  far  North  he  has  gone,  and  the  sum 

d  fke  South  Latitudes  how  far  South  he  has  gone.     Hence  these 

tiianDS  will  be  equal  to  each  other,  if  the  survey  has  been  cor- 

ndy  made.    Li  like  manner,  the  sums  of  the  East  and  of  the 

Vn^  Departures  must  also  be  equal  to  each  other. 

We  irill  apply  this  principle  to  testing  the  accuracy  of  the  sur- 
nj  of  which  Fig.  175,  page  151,  is  a  plat.  Prepare  seven 
eobmns,  and  head  them  as  below.  Find  the  Latitude  and  Depar- 
tore  oi  each  course  to  the  nearest  link,  and  write  them  in  their 
appropriate  columns.  Add  up  these  columns.  Then  will  the 
difference  between  the  sums  of  the  North  and  South  Latitudes, 
ud  between  the  sums  of  the  East  and  West  Departures,  indicate 
degree  of  accuracy  of  the  survey. 


stmoTs. 
1 

BEARING. 

DISTANCE. 

LATITUDE. 

DEPARTURE. 

N. 

S. 

E. 

W. 

N.  35" E. 

2.70 

2.21 

1.55 

2 

N.  SSh"  E. 

1.29 

.15 

1.28 

3 

S.  57°  E. 

2.22 

1.21 

1.86 

4 

S.  34i°  W. 

3.55 

2.93 

2.00 

5 

N.56^°W. 

3.23 

1.78 

2.69 

4.14 

4.14 

4.69 

4.69 

The  entire  work  of  the  above  example  is  given  below. 

350       1638  1147  a4|o      2480 
57340              40150  4133 

4133 

270.      221.140  154.850 


355.   293.463 


1688 
2814 
2814 

199.754 


W))i  fcf.look  in  the  columD  of  bearings  for  the  slope  of  the  ground,  i.  e.  the 
•ogle  it  mtket  witn  the  horizon,  find  the  given  distance,  and  the  Latitude  aorre- 
5P°*'<8iig  will  be  the  desired  horizontal  measurement,  and  the  diflerence  between 
^  *im1  the  Diitance  will  be  the  allowance  to  be  made 


129. 
570 


14.5T9  128.212 


1656  2502 

1104  1668 

1656  2602 

178.296  269.382 


1089 


1677 

1677 
1677 


The  nearest  link  is  taken 
to  be  inserted  in  the  Table, 
and  the  remaining  Decimala 
222.  120.879  186.147         are  neglected. 

In  the  preceding  example  the  respective  sums  were  found  to  le 
exactly  equal.  'ITiis,  however,  vfill  rarely  occur  in  an  exten^vc 
survey.  If  the  difference  be  great,  it  indicates  some  mistake,  and 
the  survey  must  be  repeated  with  greater  care ;  but  if  the  diSw-  ■ 
ence  be  smalt  it  indicates,  not  absolute  errors,  but  only  inaccDr^ 
cies,  unavoidable  in  surveys  with  the  compaaa,  and  the  survey  mij 
be  accepted. 

How  great  a  dlScrence  in  the  sums  of  the  columns  may  bo 
allowed,  as  not  necessitating  a  new  survey,  is  a  dubious  ywl 
Some  surveyors  would  admit  a  difference  of  1  link  for  every  S 
chains  in  the  sum  of  the  courses :  others  only  1  link  for  every  10 
chains.  One  writer  puts  the  limit  at  5  links  for  each  etatifflii 
another  at  25  links  in  a  survey  of  100  acres.  But  every  practual 
surveyor  soon  learns  how  near  to  an  equality  his  instrument  ud 
hia  akill  mil  enable  him  to  come  in  ordinary  cases,  and  can  then- 
fore  establish  a  standard  for  himself,  by  which  he  can  judge  whether 
the  difference,  in  any  survey  of  his  own,  is  probably  the  result  of 
an  error,  or  only  of  his  customary  degree  of  inaccuracy,  two  tliiflgi 
to  be  very  carefully  distinguished.' 


(283)    Application  to  supplying  omisslonSi     Any  two  enit 

sions  in  the  Field-notes  can  be  supphed  by  a  proper  uao  of  the 
method  of  Latitudes  and  Departures ;  as  will  be  explained  in  Put 
Vn,  which  treats  of  "  Obstacles  to  Measurement,"  under  wbicB 
head  this  subject  most  appropriately  belongs.  Uut  a  knowledgB 
of  the  fa«t  that  any  two  omissions  can  be  supplied,  should  not  leid 

*  A  French  writer  fiica  ihe  sllowabla  diSereiica  in  cboioing  nt  1-400  of  let' 
linM    I-SOO  of  lioei  oa  maderale  Btopea;  I- 101)  of  liam  on  (leep  tlopei. 
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the  young  surveyor  to  be  negligent  in  making  every  possible  mea- 
surement, since  an  omission  renders  it  necessary  to  assume  all  the 
notes  taken  to  be  correct,  the  means  of  testing  them  no  longer 


existing. 


(284)  Balancing  a  Sorvey.  The  subsequent  applications  of 
&is  method  require  the  survey  to  be  previously  Balanced.  This 
operation  consists  in  correcting  the  Latitudes  and  Departures  of 
the  courses,  so  that  their  sums  shall  be  equal,  and  thus  '^  balance." 
This  is  usually  done  by  distributmg  the  differences  of  the  sums 
among  the  courses  in  proportion  to  their  length ;  saying.  As  the 
Bum  of  the  lengths  of  all  the  courses  la  to  ike  whole  difference  of 
Hie  Latitudes,  So  is  the  length  of  each  course  To  the  correction 
of  its  Latitude.     A  similar  proportion  corrects  the  Departures.* 

It  is  not  often  necessary  to  make  the  exact  proportion,  as  the 
correction  can  usually  be  made,  with  suflScient  accuracy,  by  noting 
how  much  per  chain  it  should  be,  and  correcting  accordingly. 

Li  the  example  given  below,  the  differences  have  purposely  been 
made  considerable.  The  corrected  Latitudes  and  Departures  have 
been  here  inserted  in  four  additional  columns,  but  in  practice  they 
should  be  written  in  red  ink  over  the  original  Latitudes  and 
Departures,  and  the  latter  crossed  out  with  red  ink. 


RA. 

BXASUrO. 

DI8T. 

LATITUDIS. 

dep'turer. 

COBRfiCTKD 
LATITUDES. 

CORRECTED 
DEPARTURES. 

N.-f 

a-j  E.+ 

W.— 

N.-f 

a— 

R-f 

W.— 

1 
2 
8 

4 

N.  62*  R 
8.  29r  Eu 
a81l*W. 
N.  6r  W. 

10.63 
4.10 
7.69 
7.18 

6.64 
8.46 

8.66 
6.64 

8.88 
2.03 

4.05 
6.24 

6.68 
8.4S 

8.55 
6.61 

8.84 
2.01 

4.08 
6.27 

29.56 

10.00 

10.10 

10.41 

10.29 

10.06 

10.06 

10.85 

10.85 

The  corrections  are  made  by  the  following  proportions ;  the 


nearest  whole  numbers  being  taken : 


For  the  Latitudei. 

For  the  Departure!. 

29.66  :  10.63  : :  10  :  4 

29.55  :  10.63  : :  12  :  4 

29.55  :    4.10  : :  10  :  1 

29.55  :    4.10  ::  12  :  2 

29.65  :    7.69  ::  10  :  3 

29.55  :    7.69  ::  12  :  3 

29.65  :    7.13  ::  10  :  2 

29.65  :    7.13  ::  12  :  3 

10 

12 

*A  demonstration  of  this  principle  was  given  hj  Dr.  Bowditoh,  in  Na  4  of 
**  The  Analyst"  ^2 
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This  rule  is  not  always  to  be  strictlj  followed.  If  one  liDe  of  a 
atirvey  has  been  measured  over  very  uneven  and  rough  ground,  of 
if  its  bearing  has  been  taken  with  an  indistinct  aight,  while  the 
othflr  lines  have  been  measured  over  level  and  clear  ground,  it  is 
probable  tliat  most  of  the  error  has  occurred  on  that  Unc,  and  the 
correction  should  be  chiefly  made  on  its  Latitude  and  Departure. 

If  a  alight  change  of  the  bearing  of  a  long  course  will  favor  lii» 
Balancing,  it  should  be  bo  changed,  since  tlie  compass  is  mncb 
more  subject  to  error  than  the  chain.  So,  too,  if  shortening  any 
doubtful  line  will  favor  the  Balancing,  it  should  be  done,  since  dis- 
tances are  generally  measured  too  long. 

(2S5)  Application  lo  Piatting,     Kvde  three  columns ;  one  for 

Stations ;  the  next  for  total  Latitudes ;  and  the  third  for  total  De- 
partures. Fill  the  last  two  columna  by  beginning  at  any  convtn- 
ient  station  (tho  extreme  East  or  West  is  best)  and  addmg  up 
(algebraically)  the  Latitudes  of  the  following  stations,  noticJDg 
that  the  South  Latitudes  are  subtractivc.  Do  the  same  for  the 
Departures,  observing  tliatthe  Westerly  ones  are  also  subtractive. 
Taking  the  example  given  on  page  175,  Art.  (282),  and  begjn* 
ning  with  Station  1,  the  following  will  be  tho  results : 


TUT.L  LSTITUUES 

1 

0.00 

0.00 

2 

+2.21  N. 

+  1.55  E. 

» 

+2.36  N. 

+2.83  E. 

4- 

+  1.15  N. 

+4.69  B. 

fi 

—1.78  8. 

+2.69  E. 

1 

0.00 

0.00 

v..     11...     (..Fal         ' 


It  will  bo  seen  that  the  work  proves  itself,  by  the  total 
Latitudes  and  Departures  for  Station  1,  again  coming  out  equal 
to  zero. 

To  USB  th'ia  table,  draw  a  meridian  through  the  point  taken  (of 
Station  1,  as  in  the  figure  on  the  following  page.  Set  off,  upward 
from  this,  along  the  meridian,  the  Latitude,  221  links,  to  A,  and 
from  A,  to  the  right  perpendicularly,  set  off  the  Departure,  155 
links.'     This  gives  the  point  2.     Join  1....2.     From  1  agaui,  set 

•Tbia  is  most  oanily  dona  wilh  llie  aid  of  a  richl-nngled  trisngle,  •lidingone 
of  the  giilfS  ai^'nrsnl  to  tlte  rigbt  nnsle  alaiig  tho  blaile  iif  iho  square,  lo  wlikh 
dw  olber  lido  will  ihoD  ba  pcrfendiuular. 


GIUP.  T.] 


Lafltides  mi  Departire8< 


17» 


Fig.  192. 


q8^    upward,     236 

Us,  to  B,  and  from 

B,  to  the  right,  per- 

fmdienlarij,  set  off 

283  Ms,  which  wiU 

tzihepointS.    Join 

i.J;  and  so  pro-  c 

Med,   setting     off 

Kflrti       Latitades 

ibog  the  Meridian  i 

npwsrds,  and  Sontii 

Iilitades   along    it 

downwards;      East 

Bepirtaies  perpen- 

&Qlaily  to  the  right,  d 

ad  West    Depar-   fi 

tani  perpendicdarlj  to  the  left. 
Ute  advantages  of  this  method  are  its  rapidity,  ease  and  aeon- 

ncj;  ilie  impossibility  of  any  error  in  platting  any  one  course 

tftcting  the  following  points ;  and  the  certainty  of  the  plat  '^  com- 
ing together,"  if  the  Latitades  and  Departures  have  been  ^<  Bal« 

aooed.'' 
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GALOTLATING  TBE  COSTEKT. 

(S86)  methods.  TrVnEN  a  field  has  been  platted,  by  Ttlnl 
ever  method  it  may  have  been  suryeyed,  its  content  can  be  obtained 
from  its  plat  by  dividing  it  up  into  triangles,  and  mcasumg  oo 
the  phit  their  bases  and  perpendiculars ;  or  by  any  of  the  otkr 
means  explained  in  Part  I,  Chapter  IV. 

But  these  are  only  approximate  methoda ;  their  degree  ofaccutacj 
depending  on  the  largeness  of  scale  of  the  plat,  and  the  skill  of  tie 
draftsman.  The  invaluable  method  of  Latitudes  and  Dcpartarea 
gives  another  means,  perfectly  accurate,  and  not  requirmg  the 
previous  preparation  of  a  plat.  It  is  sometimes  caDed  the  Bectac- 
guiar,  or  the  Pennsylvania,  or  Rittenhouae's,  metliod  of  calculation.' 


(287)  UcflnltioDS.  Ima^o  a  Meridian  line  to  pass  throu^ 
the  extreme  East  or  West  corner  of  a  field.  According  to  tk 
definitions  established  in  Chapter  V,  Art,  (278),  (and  here  re» 
pitulated  for  convenience  of  reference),  the  perpendicular  distanM 
of  each  Station  from  that  Meridian,  is  the  Loiiffitade  of  that  Sti- 
tion ;  additive,  or  plm,  if  East ;  subtractive,  or  minus^  if  West 
The  distance  of  the  middle  of  any  line,  such  aa  a  side  of  the 
field,  from  tlio  Meridian,  is  called  the  Loiigitiide  of  that  side.t 
llie  difference  of  the  Longitudesof  the  two  ends  of  a  line  is  callti 
\^Q  Departure  of  that  line.  The  difference  of  the  Latitudes  of  tbfl 
tiro  ends  of  a  line  is  called  the  Latitude  of  the  line. 


ago. 

t  Tbe  phrase  "  Meridian  Diilauce,"  is  fenenWj  aneA  tar  wbBI,i<  hen  calM 
'  Lon^ilnde":  but  the  analoEJ  of  '•  DifferFDCti  of  LoDgilude"  wilh  "  DiffmnW 
nf  Lslilude,'*  nianllT  but  unDmalaiiily  auited  wilh  Iho  word  "  Dt^partare,"  Ik"* 
rowed  from  Nnvigaiion,  at^mi  to  pal  bpyonil  all  qoeilion  iha  proplietj  of  lb" 
'  ■  in  hers  introduced. 
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(288)  Loniltndes*  To  give  more  definiteness  to  the  develop 
mfint  of  this  subject,  the  figure  in  the  margin  will  be  referred  to, 
find  may  be  conudered  to  represent  any  space  enclosed  by  straight 

Let  NS  be  the  Meridian  passing  through  the  extreme  Westerly 
Statim  of  the  field  ABODE.  From     _^  Fig.  193. 

ibe  mddle  and  ends  of  each  side 
dnir  perpendiculars  to  the  Meridi- 
in.  These  perp^idiculars  will  be 
fte  Longitudes  and  Departures  of 
fte  nspectiYe  sides.  The  Longi- 
tQde,P6,  of  the  first  course,  AB, 
is  endenUy  equal  to  half  its  Depar- 
ts HB.  The  Longitude,  JK,  of 
fte  second  course,  BO,  is  equal  to 
JL+LM  +  MK,  or  equal  to  the 
loigMo  of  Ihe  preceding  course, 
phs  half  its  Departure,  plus  half 
flw  Departure  of  the  course  itself. 
ll»  Lonptude,  TZ,  of  some  other 
(QtDse,  as  EA,  taken  anywhere,  is 
equal  to  WX  —  VX  —  UV,  or  equal  to  the  Longitude  of  the  pre^ 
««iing  course,  minus  half  its  Departure,  minus  half  the  Departure 
tf fte  course  itself,  i.  e.  equal  to  the  Algebraic  sum  of  these  three 
Pttts,  remembering  that  Westerly  Departures  are  negative,  and 
tlt^rv  to  be  subtracted  when  the  directions  are  to  make  an 
^Araie  addition. 

To  avoid  fractions,  it  will  be  better  to  double  each  of  the  preced- 
^  eqiressions.    We  shall  then  have  a 

OMNERAL  RULE  FOR  FINDJNO  DOUBLE  LONGITUDES. 

Th  Double  Zangitude  of  the  first  coursb  is  equal  to  its  De- 

Tie  DauUe  Longitude  of  the  second  coursb  is  equal  to  the 
D^utU  Longitude  of  the  first  CQursCy  plus  the  Departure  of  that 
Momyplus  the  Departure  of  the  second  course. 

The  Double  Longitude  of  the  third  course  is  equal  to  the 
DouNe  Longitude  of  the  second  course,  plus  the  Departure  of  that 
onirHjflus  the  Departure  of  the  eourse  itself. 


r' 
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The  Double  Longitude  of  any  course  is  equal  to  the  Botihit 
Longitude  of  the  preceding  coarse,  plus  Hie  Departure  of  thai 
course,  plus  Ote  Departure  of  Vie  course  itseJf.* 

The  Double  Longitude  of  the  last  course  (aa  well  as  of  the  fint) 
is  equal  to  lis  Departure.  Its  "  coming  out"  so,  when  obtained 
bj  the  above  rule,  proves  the  accuracy  of  the  calculation  of  all  tlu 
preceding  Double  Longitudes. 

(289)  Areas.  We  will  now  proceed  to  find  the  Area,  or  Coo- 
tent  of  a  field,  hy  means  of  the  "  Double  Longitudes  "  of  its  ndei, 
which  can  be  readily  obtained  by  the  preceding  rule,  whatever  their 
number. 


(290)  Beginning  with  a  three-sided  fidd,  ABC  in  the  figure,  ilfiw 
a  Meridian  through  A,  and  draw  perpendi-  ^'g- 19*- 

culars  to  it  as  in  the  last  figure.  It  is 
pkin  that  its  content  is  equal  to  the  differ- 
ence of  the  areas  of  the  Trapezoid  DBCE, 
and  of  the  Triangles  ABD  and  ACE. 

The  area  of  the  Triangle  ABD  is  equal 
to  the  product  of  AD  by  half  of  DB,  or  to 
the  product  of  AD  by  FG ;  i.  e.  equal  to 
the  product  of  the  Latitude  of  the  lat  course 
by  its  Lon^tude. 

The  area  of  the  Trapezoid  DBCE  is  equal 
to  the  product  of  DE  by  haJf  the  sum  of  DB 
and  CE,  or  by  flJ ;  i.  e.  to  the  product  of 
the  Latitude  of  the  2d  course  by  its  Longitude. 

The  area  of  the  Triangle  ACE  is  equal  to  the  product  of  AE  t>T 
half  EC,  or  by  KL ;  i.  e.  to  the  product  of  the  Latitude  of  the  3d 
course  by  ita  Longitude. 

Calling  the  products  in  which  the  Latitude  was  North,  Seti^ 
Products,  and  the  products  in  which  the  Latitude  woa  Sou^ 
South  Products,  we  shall  find  the  area  of  the  Trapezoid  to  bo  ' 
^mth  Product,  and  the  areas  of  the  Triangles  to  be  North  Pf^ 
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dueU.  The  Difference  of  the  North  Products  and,  the  South 
Products  is  therefore  the  desired  area  of  the  three-sided  field  ABC. 
Using  the  Double  Longitudes,  (in  order  to  avoid  fractions),  in 
each  of  the  preceding  products,  their  difference  will  be  the  douhU 
area  of  the  Triangle  ABC. 


(291)  Taking  now  a  four-^ded  fieldj  ABCD  in  the  figure,  and 
drawing  a  Meridian  and  Longitudes  as  bo-  Fig.  lis. 

fore,  it  is  seen,  on  inspection,  that  its  area 
would  be  obtained  by  taking  the  two  Trian- 
^,  ABE,  ADG,  from  the  figure  EBCDGE, 
or  {root  the  sum  of  the  two  Trapezoids  EBCF 
and  FCDG. 

The  area  of  the  Triangle  AEB  will  be 
found,  as  in  the  last  article,  to  be  equal  to 
Qie  product  of  the  Latitude  of  the  1st  course 
by  its  Longitude.  The  Product  will  be 
North. 

The  area  of  the  Trapezoid  EBCF  will  be 

found  to  equal  the  Latitude  of  the  2d  course 

by  its  liOngitude.     The  product  will  be 

ShnOh. 

The  area  of  the  Trapezoid  FCDG  will  be  found  to  equal  the 

product  of  the  Latitude  of  the  3d  course  by  its  Longitude.     The 

l^oduct  will  be  South. 

The  area  of  the  Triangle  ADG  will  be  found  to  equal  the  pro- 
duct of  the  Latitude  of  the  4th  course  by  its  Longitude.  The  pro- 
duct will  be  North. 

The  difference  of  the  North  and  South  products  will  there- 
fore  he  the  desired  area  of  the  four^ded  field  ABCD. 

Using  the  Double  Longitude  as  before,  in  each  of  the  preceding 
products,  their  difference  will  be  double  the  area  of  the  field. 


(292)  Whatever  the  number  or  directions  of  the  sides  of  a  field, 
or  of  any  space  enclosed  by  stnught  lines,  its  area  will  always  bo 
«quai  to  half  of  the  difference  of  the  North  and  South  Products 
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arising  fmm  multiplying  together  the  Latitude  and  Double  Im^ 
tude  of  each  course  or  aide. 
We  have  therefore  the  following 

GENERAL  RULE  FOR  FINDING  AREAS. 

1.  Prepare  ten  columns,  headed  as  in  the  example  below^t 
in  the  first  three  torite  the  Stations,  Bearings  and  Instances. 

2.  Find  the  Latitudes  and  Departures  of  each  coiirte,  6y  tit 
Ji-averse  Table,  as  directed  in  Art.  (281),  placing  Uiemmtht 
four  following  columns. 

3.  Balance  them,  as  in  Art.  (281),  correcting  them  in  redini. 

4.  Find  the  Bovdile  Longitudes,  as  in  Art.  (288),  wirt  riftr- 
cnac  to  a  Meridian  passing  through  tite  extreme  East  or  WtA 
Station,  and  place  them  in  the  eighth  column. 

5.  Miiltiplg  the  Double  Longitude  of  each  course  by  the  m- 
rected  Latitude-  of  that  course,  placing  the  North  Products  in  On 
ninth  column,  and  the  South  Products  in  the  tenth  column. 

6.  Add  up  the  last  two  columns,  subtract  the  smaller  sumfrm 
the  larger,  and  divide  Uie  difference  by  two.  The  quotieni  mil 
be  the  content  desired. 

(293)  To  find  the  most  Easterly  or  "Westerly  Station  of  ft  Ktf- 
vey,  irithout  a  plat,  it  ia  beat  to  make  a  rough  hand-sketch  of  th* 
survey,  drawing  ttic  lines  in  an  approximation  to  their  true  direfr 
tions,  by  drawing  a  North  ani  South,  and  East  and  West  lino, 
and  cohaidering  the  Bearings  as  fractional  parts  of  a  right  au^e, 
or  90° ;  a  course  N.  -15°  E.  for  example,  being  drawn  about  half 
■*ay  between  a  North  and  an  East  direction ;  a  course  N.  28°  W. 
bemg  not  qmto  one-third  of  the  way  around  from  North  to  West; 
and  so  on,  drawing  them  of  approximately  true  proportional  leogtbs. 


^294)  Example  1,  given  below,  refers  to  the  five-sided  field,  of 
which  a  plat  is  given  in  fig.  175,  page  151,  and  the  Latitudes  and 
Departures  of  which  were  calculated  in  Art.  (282),  page  175. 
Station  1  ia  the  most  Westerly  Station,  and  the  Jleridian  will  be 
luppoaed  to  pass  tJirough  it.     The  Double  Lon^tudes  are  best 
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fiiQiid  b;  ft  c<mti]iaal  addition  and  subtractioD, 
aa  in  the  mar^,  where  thej  are  marked  D.  L.' 
The  Doable  Longitade  of  the  last  coimie  comes 
■mt  equal  to  ita  Departure,  thus  proving  the 

'Bai  Double  Longitudes  being  thus  obtained, 
in  noltiplied  by  the  corresponding  Latitades, 
ltd  the  content  of  the  field  obtained  aa  directed 
bSw  General  Role. 

Hub  example  may  eerve  as  a  pattern  for  the 
■nt  cnnpact  manner  of  arran^g  the  work. 


— — 

— 

+  1^3  D.  L 

+  1.S5 

+  1.88 

:|-i.ae 

+  T.5a  D.  L 

+  1,88 

+  7.38  D.  L. 

-  2.69 

+  a.69  D.  L- 

...0. 

».»l»o,. 

r"'c..\ 

[,.TiriJ.i.:. 

..ilH'TUni:* 

nocBlE        lir>l.tIBLKlKBJlsJ 

^- .+ 

S.— 

F..+ 

W.— 

.o,<,.t..Jn.+ 

e, — 

S.-Ji"    E. 

2.71) 

1.55 

--  1.55     k42S5 
-  -  ^.38      0.6S70 

S.  83J«  B. 

1,29 

,1,1 

I.^H 

a 

2.22 

191 

( 

3.  Sii"  W 

3.55 

a.93 

f.M 

.-r.as 

21.6231 

3.23 

1.7M 

i.6a 

-  -  5.09     ^4,7882 

4.H 

J.H 

i.C,'J 

i.iiy 

68.8707 

.JU,7W6 

0<mteta=lA.  OR.  15P. 


8.8?07 
g)21.8518 
Square  Chain*,  10,9359 
(HI)  The  Meridian  mi^t  eqoaUj  well  have 
Wq  tappoeed  to  pass  through  the  most  Easterly 
•Woe,  4  in  the  figure.  The  Double  Longitudes 
coold  Qien  hare  been  calculated  as  in  the  mats 
pi-  They  will  of  course  be  all  West,  or  minus. 
^G  pndncts  being  then  calculated,  the  sum  of 
8«  North  productB  will  be  found  to  be  29.9625, 
*od  of  the  South  products  8.1106,  and  their 
''■^Bniiee  to  be  21.8519,  the  same  result  as  be- 
kn. 


)Ti 

—  S.OO  D.  L. 

—  2.00 

—  a.G9 

.1 

-  6.fi9  D,  L, 

-2,G9 

4-  1,55 

—  7,83  D.  L, 

+  1,55 

+  1.28 

1 

—  5,00  [1.  L. 

+  1.28 
4-  1.86 

3 

—  1,86 

(.Ht)  A  number  of  examples,  with  and  without  answers,  wiU 
""*  be  gjven  as  exercises  for  the  student,  who  should  plat  them 
"T  Some  of  the  methods  g^ven  in  the  preceding  chapter,  using  each 
^  ttuiD  at  least  once.  He  should  then  calculate  their  content  by 
the  method  just  pven,  and  cheek  it,  by  also  calculating  the  area  of 
™  plat  by  some  of  the  Geometrical  or  tistrumental  methods  ^ven 
"^  Pwt  I,  Chapter  IV ;  for  no  single  calculation  is  ever  reUable. 
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All  the  eiampks  (except  the  last)  arc  from  the  anthor'e  ftctoal 
Burveja. 


Example  2,  given  below,  is 
also  fullj  worked  out,  as  anoth- 
er pattern  for  the  student,  who 
need  have  no  difBculty  with  any 
possible  case  if  he  strictly  fol- 
lows the  directions  which  have 
been  given.  The  plat  is  on  a 
Bcale  of  2  chains  to  1  inch, 
(=  1:1584). 


«t.t;o.. 

B....«0,. 

T*""«. 

I,.TlTDI>tS 

DIl-'TllRIi 

L.l"oiTu'nF« 

,«.....  .«U.J 

N.+  K— 

B.+ 

W.— 

N.+ 

8.- 

3 

N.  78"     W 
S.  SJi"  W 
S.  48°     E. 
S.  121°  B. 
S.-?'    E. 

i.sa 

1.13 

1.04 

i.oa 

I, OS 
.37 

.60 

l.M 
.24 
l,fiO 

':!; 

+  a.sa 

+   4.36 

18,U4UU 
3.1185 

.4888 

1.1858 

3.52 

6Wteni=0A.  3R.  IP. 
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8TA. 

BE.UlINfl. 

DISTANCE. 

1 

2 
3 
4 

N.62'    E. 
S.  29'»  E. 
S.  31}»  W. 
N.61''  W. 

10.64 
4.09 

7.68 
7.24 

Example  4. 


STA 

BEARINS. 

DISTAirOl 

1 

3 
4 

S.    21- W. 
N.  83rE. 
N.  12'  E. 
N.  47'  W. 

12.41 
6.86 
8.2S 
4.21 

Aia.    4A.  3R.  28P. 


Am.     4A.  2K.  37P. 
Example  6. 


STA. 

BEARINO. 

DISTANCE. 

1 

3 
4 
5 

N.34i-E. 
N.85°   E. 

s.  66;' E. 

S.  34J"  W. 
N.  56  S°  W. 

2.73 
1.28 
2.20 
3..53 
3.20 

Am.    lA.  OR.  HP. 


8TA. 

BEARING. 

DISTAKOB 

1 

N.  35"    E. 

6.49 

2 

S.  66;-  E. 

14.15 

3 

S.  34'    W. 

5.10 

4 

N. 56"    W. 

5.84 

5 

S.  291"  W. 

2.62 

6 

N.  48 1'  W. 

8  73 
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EampU^. 

8TA. 

TI 

BKARIHG. 

DIBTANCB. 

S.  21i°W. 

17.62 

•i 

S.  34°    W. 

10.00 

» 

N.  66"  W. 

14.15 

4 

N.  84-    E. 

9.76 

S 

N.  er  E. 

2.30 

s 

N.  23'    E. 

7.03 

V 

N.  184'  E. 

4.43 

8 

S.  761"  E. 

12.41* 

SxampU  9. 


iTA. 

BEARDIO. 

DISTANCE. 

Il 

S.  S,T     E. 

5.77 

2 

S.  36i'  W. 

2.25 

3 

S.  391°  W. 

1.00 

4 

S.  701"  W. 

1.04 

6 

N.  68|" W. 

1.23 

6 

N.  66°    W. 

2.19 

7 

N,  33i°  E. 

1.05 

8 

N.  56J°  W. 

1.54 

9 

N.  33J°  E. 

3.18 

Am.    2A.  OB.  S 
Example  11. 


ITA. 

BBARIHO. 

DISTAMCB. 

1 

K.  18J°  E. 

1.93 

2 

N.  9°      W. 

1.29 

» 

N.  14°    W 

2.71 

4 

N.  74"    B. 

0.96 

fi 

S.  48J"  B. 

1.69 

6 

S  14J"  E. 

1.14 

7 

S  191°  E. 

2.15 

8 

S.  23J°  W. 

1.22 

« 

S.6°      W. 

1.40 

10 

S.  80"    W. 

1.02 

11 

S.  815"  W. 

0.69 

12 

N.  321"  W. 

1.98 

8TA 

BSAunfa.  piSTAKCB. 

1 

S.  e5i°  E. 
8.68*^  B. 

4.98 

2 

8.56 

3 

3. 141"  W. 

20.69 

4 

3.47=    W, 

0.60 

5 

3.  671"  W. 
N.56'  W. 

8.98 

6 

12.90 

7 

[f.  34°   E. 

10.00 

8 

N.  21J  E. 

17.62 

Example  10. 


STA. 

BEABINfl. 

DISTANCE. 

1 

N.  63°  51'  W. 

6.91 

2 

X.  63°  44'  W 

7.26 

3 

N.  69°  35'  W 

8.34 

4 

N.  77°  50'  W 

6.64 

5 

N.  31"  24'  E. 

14.38 

6 

N.  31"  18'  E. 

16.81 

7 

S.  68°  55'  E. 

13.64 

H 

S.  68°  42'  E. 

11.64 

9 

S.  33°  45'  W 

31.65 

Am.    74  Acres. 


Example 

12.    . 

STA. 

BEABINO. 

DISTANCB. 

1 

N.  72}"  E. 

0.88 

2 

3.  20J°  E. 

0.22 

8 

S.  68"    E. 

0.76 

4 

N.  51"    E. 

2.35 

6 

11.44°    E. 

1.10 

« 

N.  251°  W. 
N.  8j'   W. 
S.2S"    W. 

1.96 

7 

1.06 

8 

1.63 

9 

tf.  711"  W. 

0.81 

10 

N.  181"  W. 

1.17 

11 

11.68*  W. 

1.28 

12 

West 

1.68 

18 

N.  49°    W. 

0.80 

14 

3.  191    E. 

6.20 
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Example  13.     A  form  is  described  in  an  old  Soed,  aa  boonilod 

thus.  Beginning  at  a  pile  of  stones,  and  running  thence  twenty- 
Beven  chaiiis  and  seventy  links  South-Eaaterlj  eixtj-sijt  and  a  half 
degrees  to  a  -white-oak  stump ;  thence  eleven  chains  and  s 
links  North-Eaaterly  twen- 
ty and  a  half  degrees  to  a 
hickory  tree ;  thence  two 
ehaina  and  thirty-five  links 
North-Easterly  thirty-six 
degrees  to  the  South-East^ 
erly  comer  of  the  home- 
stead ;  thence  nineteen 
chains  and  thirty-two  links 
North-Easterly  twenty-six 
degrees  to  a  stone  set  in 
the  ground;  thence  twenty- 
eight  chains  and  eighty  links 
North-Weaterly  sixty-six 
degrees  to  a  pine  stump; 
tiience  thirty-three  chains  and  nineteen  links  South- Westerij 
twenty-two  degrees  to  the  place  of  beginning,  containing  ninety-tirt 
acres,  be  the  same  more  or  loss.     Required  the  exact  content. 

(297)  Hascheronl's  Tlicorom.     The  surface  of  any  pofyga* 

is  equal  to  ha!f  the  stim  of  the  products  of  its  sides  (omitting  oqr 
one  side)  taken  two  and  two,  into  the  sines  of  the  angles  ttUi 
those  sides  moke  mtJi  each  other. 


Thus,  take  any  polygon,  such  as  the  five- 
eided  one  m  the  figure.  Express  the  angle  which 
the  directions  of  any  two  sides,  as  AB,  CD,  make 
with  each  otlicr,  thus  (ABaCD).  Then  will 
the  content  of  that  polygon  be,  as  below ; 


\>^ 


=  J  [AB  .  BO  ,  .10  (AB  A  BC)  +  AB  .  CD  .  sin  (AB  A  CD) 
+  AB  .  DE  .  >in  (AB  A  DE)  +  BC  .  CD  tin  (BC  A  CD) 
4-  BC.  DE  .  .in  (BC  A  DE)  +  CD  .  DE  .  sin  (CD  A  DE)) 
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The  demonsiaration  consists  merely  in  dividing  the  polygon  into 

imBg^es  by  lines  drawn  £rom  any  angle,  (as  A)  ;  then  expresnng 

fte  area  of  each  triangle  by  half  the  product  of  its  base  and  the 

perpendicular  let  Mi  upon  it  from  the  above  named  angle ;  and 

finally  separating  the  perpendicular  into  parts  which  can  each  be 

expressed  by  the  product  of  some  one  side  into  the  sine  of  the 

s&gle  made  by  it  with  another  side.     The  sum  of  these  triangjies 

ttjDsls  the  polygon. 

The  expressions  are  simplified  by  dividing  the  proposed  polygon 
mfa)  two  parts  by  a  diagonal,  and  computing  the  area  'of  each  part 
Kparately,  making  the  diagonal  the  side  omitted.* 


CHAPTER  VII. 


THE  TARIATION  OF  THE  MiGNETIC  NEEDLE. 

(196)  DellBlttOAS.     The  Magnetic  Meridian  is  the  Fig.  199 
fection  indicated  by  the  Magnetic  Needle.     The  True  ^  ^ 
MaiHim  is  a  true  North  and  South  line,  which,  if  pro- 
dveed,  would  pass  through  the  *  poles  of  the  earth.    The 
yitfiatiionj  or  DecUnationy  of  the  needle  is  the  angle 
lliieh  (me  of  these  lines  makes  with  the  other.f 

h  the  figure,  if  NS  represent  the  direction  of  the  True 
Meridian,  and  N'S'  the  direction  of  the  Magnetic  Meri- 
^  at  any  place,  then  is  the  angle  NAN'  the  Variation 
^^  Needle  at  that  place. 

(SN)  DirectiOB  of  Needle*  The  directions  of  these  two  meri- 
^^^^  do  not  generally  coincide,  but  the  needle  in  most  places 
P^'^  to  the  East  or  to  the  West  of  the  true  North,  more  or  less 

jy^^  origiiml  Theorem  is  asoally^  accredited  to  Lhaillier,  of  Geneva,  who  pab- 
?^^  it  io  1789.  Bat  Mascheroni,  the  iDgenioos  author  of  the  "  Geometiy  of 
P®  Oempaagea,**  had  pabliahed  it  at  Pavia,  two  years  previously.  The  method 
■Well  deTe]0|>ed  in  Prof.  Whitlock*s  "  ElemenU  of  Geometry.*' 

•J  ^  I>ecKnation"  is  the  more  correct  term,  and  "  Variation**  should  be  reserved 
P^^e  dumge  in  the  Declination  which  wiU  be  considered  in  the  next  chapter  s 
ovtcmtoia  has  catablished  the  oie  of  Yariatifm  in  the  sense  of  Declination. 
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according  to  the  locality.  Observationa  of  the  amount  and  tb* 
dirQction  of  this  variation  have  been  made  in  neajly  all  parts  of  the 
world.  In  the  United  States  the  Variation  in  the  Eastern  Stat« 
is  Westerly,  and  in  the  Weetera  States  is  Easterly,  as  will  U 
^vcn  in  detail,  after  the  methods  for  determining  tiie  True  Meri- 
dian, and  consequently  the  Variation,  at  any  jilace,  have  beta 
explained. 

TO  DETERMINE  THE  TRUE  MERIDIAN. 

(300)  By  tqnal  shadows  of  the  Sun.  On  the  South  side  of 
any  level  surface,  erect  an  up-  *  '^m""' 

right  staff,  shown,  in  horizon- 
tal projection,  at  S.  Two  or 
three  hours  before  Eoon,  mark 
the  extremity,  A,  of  its  shadow. 
Describe  an  arc  of  a  circle  with 
S,  the  foot*of  the  staff,  for  cen- 
tre, and  SA,  the  distance  to 
the  extremity  of  the  shadow,  for  radius.  About  as  many  hoan 
after  noon  as  it  had  been  before  noon  when  the  first  mark  wu 
made,  watch  for  the  moment  when  the  end  of  the  shadow  tOQcliH 
the  arc  at  another  pomt,  B,  Bisect  the  arc  AB  at  N.  DrawSN, 
and  it  will  be  the  true  meridian,  or  North  and  Soatb  line  required. 

For  greater  accuracy,  describe  several  arcs  before  hand,  a»A 
tiie  points  in  which  each  of  them  is  touched  b;  tlie  shadow,  bisect 
each,  and  adopt  the  average  of  all.  The  shadow  will  be  better 
defined,  if  a  piece  of  tin  uith  a  hole  through  it  be  placed  at  the  iof 
of  the  staff,  as  a  bright  spot  will  thus  be  substituted  for  the  Im 
definite  shadow.  Nor  need  the  staff  be  vertical,  if  from  its  Bamaiit 
a  plumb-line  be  dropped  to  the  ground,  nnd  the  point  wluch  thii 
strikes  be  adopted  as  the  centre  of  the  arcs. 

This  method  is  a  very  good  appro;draation,  though  perfectlj 
correct  only  at  tlie  time  of  the  solstices ;  about  June  21st  and 
December  22d.    It  was  employed  by  the  Romans  in  laying  oo*     I 
ei^es.  , 

To  get  the  Variation,  set  the  compass  at  one  end  of  the  'SrO»  i 
MericUau  line  thus  JibtaJned,  mght  to  the  other  end  of  it,  and  iaJ^^ 
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the  Bearing  as  of  any  ordinary 
Ui0  leading  will  be  the  desired  ^ 


Fig.  201. 
A 


/ 


(SN)  By  tke  Neitt  Star,  when  In  tke  Meridian.  The  North 
Star,  or  Pole  Star,  (called  by  astronomers  M'phd  Ur%€B  Minarisy 
ctJPolarisy,  is  not  situated  precisely  at  the  North  Pole  of  the 
heaTens.  If  it  were,  the  Meridian  conld  be  at  once  determmed  by 
acting  to  it,  or  placing  the  eye  at  some  distance  behind  a  pinmb- 
fine  00  that  this  line  shonld  hide  the  star.  But  the  North  Star  is 
about  Ij^^  from  ilie  Pole.  Twice  in  24  hours,  however,  (more 
precisely  23h.  66m.),  it  is  in  the  Meri- 
dian, being  ilien  exactly  above  or  below 
the  Pole,  as  at  A  and  G  in  the  figure.  To 
know  when  it  u.  so,  is  rendered  easy  by  the 
aid  of  another  star^  easily  identified,  which 
at  iliese  times  is  almost  exactly  above  or 
below  the  North  Star,  i.  e.  situated  in  the 
same  vertical  plane.  K  then  we  watch  for 
Hie  moment  at  which  a  suspended  plumb- 
fine  will  cover  both  these  stars,  they  will  then  be  in  the  Meridian. 

The  other  star  is  in  the  well  known  constellation  of  liie  Great 
%  called  also  the  Plough,  or  the  Dipper,  or  Oharlea's  Wain. 

Fig.  202. 


1" 


'Fig.  203. 


I 

it 


i- 


d. 

* 


*f 


^^^«  of  its  five  bnght  stars  (the  ri^tiand  ones  in  Rg.  202)  are 
™*^''^  as  iiie  "  Pointers,"  from  their  pointing  near  to  the  North 


Star,  thus  assisting  in  finding  it.  The  star  in  the  tail  or  handle, 
nearest  to  the  four  which  form  a  quadrilateral,  is  the  star  wlucli 
comes  to  the  Aleriilian  at  the  same  time  with  the  North  Star, 
twice  in  24  hours,  as  ki  Fig.  202  or  203.  It  is  known  as  AlioUi, 
or  Epgilon  Urste  Miijoris.' 

To  detennino  the  Meridian  by  this  method,  suspend  a  long 
plumb-lme  from  some  elevated  point,  such  as  a  stick  projecdng 
from  the  highest  window  of  a  house  suitably  situated.  The  plmnb- 
bob  may  pass  into  a  pail  of  water  to  lessen  its  vibrations.  Soati 
of  this  set  up  the  compass,  at  such  a  distance  from  the  plumMine 
that  neither  of  the  stars  will  be  seen  above  its  highest  point,  i.  fl. 
in  Latitudes  of  40^  or  50°notquiteasfarfrom  the  plumb-line  as  it  is 
long.  Or,  instead  of  a  compass,  place  a  board  on  two  stakes,  to 
as  to  form  a  sort  of  bench,  runnmg  East  and  West,  and  on  it  pb« 
one  of  the  compass-sights,  or  anything  having  a  small  hole  in  it  ta 
look  tlirough.  As  the  time  approaches  for  the  North  Star  to  be 
on  the  Meridian  (as  taken  from  the  table  g?ven  below)  place  d» 
compass,  or  the  sight,  so  that,  looking  through  it,  the  plnmb-IiM 
shall  seem  to  cover  or  hide  the  North  Star.  As  the  star  wmt 
one  way,  move  the  eye  and  sight  the  other  way,  so  as  to  constaatlj 
keep  the  star  behind  the  plumb-iine.  At  last  Alioth,  too,  will  1» 
covered  by  the  plumb-line.  At  that  moment  the  eye  and  lit 
plumb-hne  are  (approximately)  in  the  Meridian.  Fasten  down  the 
sight  on  the  board  till  morning,  or  with  the  compass  take  the  bear 
ing  at  once,  and  the  reading  is  the  variation. f 

Instead  of  one  plumb-line  and  a  sight,  two  plumb-lines  mayba 
suspended  at  the  end  oF  a  horizontal  rod,  turning  on  the  top  <f  i 
pole. 

The  line  thus  obttuned  points  to  the  East  of  the  true  line  when 
the  North  Star  is  above  Alioth,  and  vice  versa.  The  Nordi 
Star  is  exactly  in  the  Meridian  about  17  minutes  after  it  has  beeo 
in  the  same  vertical  plane  with  Alioth,  and  may  be  sighted  to  aficf 
that  interval  of  time,  with  perfect  accuracy. 

*  ThoNonb  Pole  ii  very  nearly  at  the  inLersection  of  Ihe  lino  rrom  foUrit* 
Aliolli,  and  u  perpendicular  Lo  tliti  lias  from  the  gmiiU  >tar  seen  I'ltbe  left  of  it  11 
Fig.  SD2. 

t  If  ■  Triuiiil  or  Tbeodolits  be  used,  the  crou-bBin  tntut  be  illnniinated  bj 
dirowingllie  light  of  aUiop  into  Ibe  teleacopeby  iu  reflection  from  whila  papM 
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Another  bright  star,  which  is  on  the  opposite  side  of  the  Pole, 
and  is  known  to  astronomers  as  Qamma  CcLSiiopeioB^  also  comes  on 
the  Meridian  nearly  at  the  same  time  as  the  North  Star,  and  ^rill 
thus  assist  in  determining  its  direction. 

(SQ2)  The  time  at  which  the  North  Star  passes  the  Meridian 
abo?e  tiie  Pole,  for  every  10th  day  in  the  year,  is  given  in  the  fol- 
lowing Table,  in  common  clock  time.*  The  upper  transit  is  the 
moei  convenient,  since  at  the  other  transit  Alioth  is  too  high  to  be 
conyeniently  observed. 


• 

MONTH. 

1st  Day. 

11th  Day. 

21st  Day. 

1 

n.    M. 

H.     M. 

H.     M. 

January, 

6  21  p.  M. 

5  41  p.  M. 

5  02  p.  M. 

^ 

February, 

4  18  p.  M. 

8  39  p,  M. 

3  00  p.  M. 

March, 

2  28  p.  M. 

1  49  p.  if. 

1  09  p.  M. 

I 

5^ 

April, 

0  26  p.  M. 

11   47  A.  M. 

11    08  A.  M. 

May, 

10  28  A.  M. 

9  49  A.  M. 

9   10  A.  M. 

1 

June, 

8  27  A.  M. 

7  48  A.  M. 

7  08  A.  M. 

July, 

6  29  A.  M. 

5  50  A.  M. 

5    11  A.  M. 

1 

August, 

4  28  A.  M. 

3  49  A.  M. 

3  09  A.  M. 

September, 

2  26  A.  M. 

1   47  A.  M. 

1    07  A.  M. 

o 

s 

October, 

0  28  A.  M. 

11  45  p.  M. 

• 

11  06  p.  M. 

1 

November, 

10  22  p.  M. 

9  43  p.  M. 

9  04  p.  M. 

December, 

8  24  p.  M. 

7  45  p.  M. 

7  06  p.  M. 

*  To  calcniate  the  time  of  the  North  Star  paMiog  the  Meridian  at  its  upper  cnl 
mination :  Find  in  the  *'  American  Almanac/*  (Boston),  or  the  "  Astronomical 
Ephemeris,'*  (Washington),  or  the  "  Nautical  Almanac,*'  (London),  or  by  interpo- 
lation from  the  data  at  tlie  end  of  this  note,  the  right  ascension  of  the  star,  and  from 
it  (increased  by  twenty-four  hours  if  necessary  to  render  the  subtraction  possible) 
■abtract  the  Right  ascension  of  the  Sun  at  mean  noon,  or  the  sidereal  time  at 
mean  noon,  for  the  given  day,  a^  found  in  the  *'  Ephemeris  of  the  Sun,*'  in  the 
same  Almanacs.  From  the  remainder  subtract  the  acceleration  of  sidereal  on 
mean  time  corresponding  to  this  remainder,  (3m.  56s.  for  24  hours),  and  the  new 
remainder  is  the  required  mean  solar  time  of  the  upper  passage  of  Uie  star  across 
the  Meridian,  in  "Astronomical**  reckoning,  the  astronomical  day  beginning  at 
noon  of  the  common  civil  day  of  the  same  date. 

Tlie  right  ascrnsion  of  the  North  Star  for  Jan.  1,  1850,  is  Ih.  05m.  01.4s. ;  for 
1860,  Ih.  08m.  02.8s. ;  for  1870,  Ih.  11m.  16.9s. ;  for  1880,  Ih.  14m.  45.1s. ;  for 
1890,  Ih.  18m.  29.2s. ;  for  1900,  Ih.  22m.  31s. 

13 
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To  fmil  the  time  of  tiie  star's  passage  of  the  Meridian  for  otbef 
days  than  those  given  in  the  Table,  take  from  it  the  time  for  ihe 
day  most  nearly  preceding  that  desired,  and  subtract  from  tiiii 
time  4  minutes  for  each  day  from  the  date  of  the  day  in  the  Table 
to  that  of  the  desired  day ;  or,  more  accurately,  interpolate,  ij 
saying :  As  the  number  of  days  between  those  given  in  the  Table 
ig  to  the  number  of  days  frem  the  next  preceding  day  in  the  TaW* 
to  the  desired  day,  so  is  the  difference  between  the  times  ^ren  m 
the  Table  for  the  days  next  preceding  and  follovrlng  the  denred 
(lay  to  tlie  time  to  be  subtracted  from  that  of  the  neit  precedioj 
day.  The  first  term  of  the  preceding  proportion  is  always  fen, 
esoept  at  the  end  of  months  havbg  more  or  less  than  30  day*. 
For  example,  let  the  time  of  the  North  Star's  passing  the  Meridiu 
on  July  26th  be  required.  From  July  21st  to  August  lat  tmng 
11  days,  we  have  this  pi-oportion :  11  days  :  5  days  : :  43  nunafea: 
lO^r  minutes.  Takmg  this  from  5h.  11m.  A.  M.,  we  get  til. 
51  Jm.  A.  M.  for  the  time  of  passage  required. 

The  North  Star  passes  the  Meridian  later  every  year.  Zd 
1860,  it  will  pass  the  Meridian  about  two  minutes  later  thao  in 
1854;  in  1870,  five  mmutos,  in  1880,  eight  minutes,  in  1890, 
twelve  minutes,  and  in  1900,  sixteen  nnnutes,  later  than  in  1864: 
the  year  for  which  the  preceding  table  has  been  calculated. 

The  times  at  which  the  North  Star  passes  the  Meridian  ttekv 
the  Pole,  in  its  lower  Transit,  can  ho  found  by  adding  llh.  58m. 
to  the  time  of  the  upper  Transit,  or  by  subtracting  that  interrtl 
from  it.* 


(303)  By  Ibe  IVorth  Star  at  Its  estrfme  elongation.    ^Vheo 

the  North  Star  is  at  its  greatest  apparent  angular  distance  East  or 
\yeBt  of  the  Pole,  as  at  E  or  D  in  Fig.  201,  it  is  said  to  bo  at  iti 
extreme  Eastern,  or  extreme  Western,  Elongation.  If  it  be  observed 
at  either  of  these  times,  tlie  direction  of  the  Meridian  can  be  eaaly 

*  The  Nonh  Star,  wLicli  I'l  now  about  1°  38*  from  ihe  Pole,  wai  iV  diilul 
from  it  when  iti  plnco  wag  lint  recorded,  lli  diilance  is  now  diaiiniiliiiiE  M  tbo 
rue  of  about  a  third  of  a  iDiiiute  in  n  year,  nnd  will  cnnlinue  1o  do  so  till  it  up- 
jiroBcbes  to  wilbin  half  n  di^greo,  when  it  will  again  reredc.  Tbo  brighlnl  nar 
in  tbo  Sorlbcm  hemispliore,  Atplia  Lyra,  will  bo  the  IoIp  Blor  in  abaDl  19,000 
yean,  heiog  tben  wiiniD  about  5°  of  tlie  Fote,  ihuugh  now  mare  tban  51'  diMaBI 
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obtained  from  the  observation.  The  great  advantage  of  this  method 
over  the  preceding  is  that  then  the  star's  motion  apparently  ceases 
for  a  short  time. 


(SM)  The  following  Table  ^ves  the 

TDISS  OP  EXTREME  ELONGATIONS   OP  THE  NORTH  STAR.* 


1 

GQRH. 

t 

1st  Day. 

11th  Day. 

21st  Day. 

BA8TEBN. 

WESTERN. 

EASTKKN. 

WESTRRN. 

EASTERN. 

WESTERN. 

lo'y, 

H.   M. 

H.   M. 

H.   M. 

H.   M. 

H.  M. 

H.   M. 

0  27  P.M. 

019  a.m. 

11  47  A.M. 

11  35  P.M. 

1108  a.m. 

1056  p.m. 

Peb'y, 

1024  a.m. 

10 13  P.M. 

945  a.m. 

9  33  P.M. 

906  a.m. 

8  54  P.M. 

Shieh, 

834  a.m. 

8  22  P.M. 

7  55  A.M. 

7  43  P.M. 

715  a.m. 

■^  04  P.M. 

Ipril, 

682  a.m. 

6  20  P.M. 

553  a.m. 

5  41  P.M. 

514  a.m. 

502  p.m. 

M»y, 

434  a.m. 

4  22  P.M. 

355  a.m. 

3  43  P.M. 

316  a.m. 

3  04  P.M. 

Time, 
Jdy, 

233  a.m. 

2  21  P.M. 

153  a.m. 

1 42  P.M. 

114  a.m. 

1 02  P.M. 

035  a.m. 

0  23  P.M. 

11 52  P.M. 

1144  a.m. 

11 13  P.M. 

1105  a.m. 

August, 

10  30  P.M. 

10  22  a.m. 

9  51  P.M. 

943  a.m. 

9  11  P.M. 

903  a.m. 

Sepfr, 

8  28  P.M. 

820  a.m. 

7  49  P.M. 

7  41a.m. 

7  09  P.M. 

701a.m. 

Oefr, 

6  30  P.M. 

622  a.m. 

5  51  P.M. 

543  a.m. 

512  p.m. 

5  04a.m. 

NWr,    4  28  p.m. 

421a.m. 

3  49  P.M. 

3  41  A.M. 

3 10  p.m. 

3  02  a.m. 

5ec'r,  1 

2  30  P.M. 

222  a.m. 

1  51  P.M. 

143  a.m. 

1 12  P.M. 

104  a.m. 

Ihe  Eastern  Elongations  from  October  to  March,  and  the  West- 
^n^  Elongations  from  April  to  September,  occurring  in  the  day 
^^iiKie,  they  will  generally  not  be  visible  except  with  the  axi  of  a 
PO'^ifiil  telescope. 

To  calculate  the  timei  of  tbe  greatest  elongation  of  the  North  Star :  Find  in 
of  die  AlmaBacs  before  referred  to,  or  from  the  data  below,  ilg  Polar  dia* 
B  at  the  given  time.    Add  the  logarithm  of  iti  tangent  to  the  logarithm  of  the 
l^eot  of  the  Latitude  of  the  place,  and  the  lum  will  be  the  logarithm  of  the 
lae  of  the  Hoar  angle  before  or  after  the  calmination.    Reduce  the  ipace  to 
«;  correct  for  sidereal  acceleration  (3m.  56i.  for  24  hours)  and  subtract  the 
alt  from  the  time  of  the  star's  passing  the  meridian  on  that  day,  to  get  the  time 
^^he  Eastern  elongation,  or  add  it  to  get  tlie  Western. 

^«Tie  Polar  distance  of  the  North  Star,  for  Tan.  1,  1850,  is  V  2^  25";  for  1860, 
^^^C*  12".7;  for  1870,  !•  23*  01";  for  1880,  !•  19  50".4;  for  1890,  1*  10*  iVJ; 
^*  1900,  1*  la*  32^.2. 
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Tho  preceding  Table  was  calculated  for  Latitude  40°.  The 
Time  at  which  the  Elongationa  occur  vary  slightly  for  other  Lati- 
tudes. In  Latitude  50°,  tho  Eastern  Elongations  occur  about  2 
nuQutes  later  and  the  Westeru  Elongations  about  2  minutes  earlier 
than  the  times  in  the  Table.  In  Latitude  26',  precisely  &e 
reverse  takes  place. 

The  Times  of  Elongation  are  continually,  &ough  slowly,  becom- 
ing later.  The  preceding  Table  was  calculated  for  July  Ist,  1854. 
In  1860,  the  timea  will  be  neai-Iy  2  minutes  later;  and  in  1900, 
the  Eastern  Elongationa  will  be  about  15  minutes,  and  the  Western 
Elongations  IT  minutes  later  tiian  in  1854. 


{305}  ObserTatlonSi  Knowing  from  the  preceding  Table  lbs 
hour  and  minute  of  the  extreme  Elongation  on  any  day,  a  little 
before  that  time  suspend  a  plumb-lino,  precisely  as  in  Art.  (30l)i 
and  place  yourself  south  of  it  as  there  directed.  As  the  Nortli 
Star  moves  one  way,  move  your  eye  the  other,  so  that  the  plomt- 
line  shall  continually  seem  to  cover  the  star.  At  last  tho  star  HiU 
appear  to  stop  moving  for  a  time,  and  then  begin  to  move  baet 
wards.  Fix  tho  sight  on  the  board  (or  the  compass,  &c.)  in  dui 
position  in  wluch  it  was  when  tho  star  ceased  moving ;  for  the  stir 
was  then  at  its  extreme  apparent  Elongation,  East  or  West,  as  ibs 
case  may  be. 


(306)  AzimalbSi  The  angle  which  the  line  froai  the  cyo  to  the 
plumb-liuc,  makes  with  the  True  Meridian  (i.  e.  the  angle  between 
the  meridian  plane  and  tlie  vertical  plane  poising  through  the  eje 
and  iho  star}  is  called  the  Aximuth  of  tho  Star.  It  is  given  in  ibt 
followmg  Table  for  different  Latitudes,  and  for  a  number  of  years  W 
come.  For  tho  intermediate  Latitudes,  it  can  be  obtained  by  » 
simple  proportion,  similar  to  that  explained  in  detail  in  Art.  (30!)-' 

•  To  ealGnlalo  ibji  Aiimulh  :  From  llie  logariihm  of  Die  sine  of  iLo  PolST  di" 
lance  of  the  itar,eublnicIlliB  logurilliiD  ofthu  coaino  of  the  Lnthude  af  Iheplooi 
tbs  remaiader  nil]  bs  tho  logariTlim  of  the  sine  of  tho  anglo  r^uired.  IhI** 
Ur  diilance  mn  be  Dbtniaed  as  dirtied  in  the  liul  note. 
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AZIMDTH8  OP  THE  NORTH   BTAR. 

l-aujl« 

1854     1865 

,1856 

1867 

1868 

1859 

1800 

1870 

50= 

J=llii 

2=1UJ 

2=16' 

2=16j 

2=16' 

2=145 

2=14} 

2=  09}' 

49--' 

2=14- 

2=13J 

2=13i 

2=12} 

2=12} 

2=12' 

2=115 

2=  064' 

1   48= 

2=1H 

2=  U' 

2=  lOJ 

2=19} 

2=09} 

2=09} 

2=09' 

2=04' 

\  47° 

2=U9' 

2=  08(' 

2=  08' 

2=  07} 

2=07} 

2=06} 

2=065 

2=  01}' 

1  46= 

2=0BS 

3=06J' 

2=05}' 

2=065 

2^05' 

2=045 

2=  04}' 

10695' 

I  45= 
1  41° 

ii=04S 
2=024 

2=04' 

2=035 

2=03} 

2=  02}' 
2^01^ 

2=02} 

2=02' 

1=671' 

2=02' 

2=  01}' 

2=  015' 

2=  005' 

2=00' 

1=  55J' 

2=00S 

2=00' 

1=59V 

1=69' 

1=  68}' 

1=68} 

1=58' 

1=535' 

1=684' 

10  68' 

1=67S' 

19  57}' 

1=  66}' 

1=665' 

1=56' 

1=61}' 

u= 

40= 

l=66}' 

1=  50i' 

1°  66}' 

1=65  J' 

1=55' 

1=  545' 

1=64}' 

1=50' 

1"55' 

1=54V 

1=64' 

1=  63}' 

1=  68}' 

1=53' 

1=  52{' 

1=  48}' 

!9= 

1»53V 

1=  62}' 

10621' 

1=52' 

1=61} 

1=61}' 

1=51' 

1=46}' 

18= 
St' 

1»51|' 

1=  611' 

1=61' 

1=  505' 

1=50' 
F4i}' 

1=  49}' 

1=  495' 

1=  46}' 

1=50}' 

1=  49}' 

1=495' 

1=49' 

1=48}' 

1=  48' 

1=44' 

» 

1=48}' 

1=48J' 

1=48' 

1=47}' 

1=47}' 

1=47' 

1=465' 

1=423' 

» 

1=47V 

1=47' 

1=  46}' 

1=46}' 

1=46' 

1=46(' 

1=  45}' 

1=415' 

33= 

1=  46J' 

1=  45}' 

1=455' 

1=  45' 

1=  44}' 

1=  44}' 

1=44' 

1=40;. 

1?4S' 

1=  44  J' 

1-44}' 

1=  43}' 
1=42}' 

1"43J' 
1=42}' 

1=43' 

1=  42}' 

1=39' 

1=44' 

1=  43}' 

1=43' 

1=43' 

1=415' 

1=38' 

"IF 

1=42!' 

1»  42J' 

1=42' 

1=41  J' 

1=41' 

1=  40}' 

1=  405' 

1=37' 

31= 

1=415' 

1=4U' 

1=41' 

1=405- 

1=40}' 

1=40' 

1=  396' 

1=36' 

(M7)  SettlBg  OBt  a  IHeridiao.  When  two  points  in  the 
™>  of  the  1!^orth  Star  at  its  extreme  elongation  have  been  ^ 
•^ttaied,  as  in  Art.  (305),  tho  Trae  Meridian  can  be 
nnnd  dma.  Let  A  and  B  be  the  tno  points.  Multiply Jjhe 
utgril  tangent  of  the  Azimuth  given  in  the  Table,  by  the 
^stmeeAB.  The  product  will  be  the  length  of  aline 
"''ioh  is  to  be  set  off  from  B,  perpendicular  to  AB,  to 
■"M  point  C.  A  and  C  will  then  be  pointa  in  the  True 
lleridian.     This  operation  may  be  postponed  till  morniDg. 

^Ae  directions  of  both  the  extreme  Eastern  and  extreme 
"Htetn  elongations  be  set  out,  the  line  lying  midwaj 
Htveen  them  irill  be  the  True  Meridian. 
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(308)  Dclerniining  the  Variation.    The  variation  would  vt 

eourae  be  given  by  taking  the  Bearing  of  the  Meridian  thni 
obtained,  but  i'-  can  alao  be  determined  by  taking  tho  Bearing  of 
the  star  at  tho  tirno  of  the  extreme  elongation,  and  applying  the 
following  rules. 

When  the  Azimuth  of  the  star  and  its  magnetic  bearing  are  one 
Eaat  and  the  other  West,  the  sum  of  the  two  ia  the  Magnetje  Vaii- 
tion,  which  is  of  the  same  name  as  the  Azimuth ;  i.  e.  East,  if  that 
be  Eaat,  and  West,  if  it  ho  West. 

When  the  Azimuth  of  Uie  star  and  its  Magnetic  Bearing  stb 
both  East,  or  both  West,  their  difference  is  the  Tai'iation,  which 
will  be  of  the  same  name  as  tlie  Azimuth  and  Ucaiu.g,  if  the  Ad- 
math  be  tho  greater  of  the  two,  or  of  the  contrary  name  if  tfaa 
Azimuth  he  the  smaller.  fig.  sos. 

All  those  cases  are  presented  together  in  the  'T 
figure,  in  which  P  is  the  North  Pole ;  Z  the  place 
of  the  observer ;  ZP  the  True  Meridian ;  S  the 
star  at  its  greatest  Eastern  elongation ;  and  ZN, 
ZN',ZN",  various  supposed  directions  of  the  needle. 

Call  the  Azimuth  of  the  star,  i.  e,  the  angle 
rZS,  2=  East. 

Suppose  the  needle  to  point  to  N,  and  the  Bear- 
ing of  the  star,  i.  o.  SZN,  to  be  5°  West  of  Mag- 
netic North.  The  variation  PZN  will  evidently  be 
7"  East  of  true  North. 

Suppose  tho  needle  to  point  to  N',  and  tho  bearing  of  the  star, 
i.  e.  N'ZS,  to  be  IJ"  East  of  Magnetic  North.  The  VariatioB 
will  bo  1°  East  of  true  North,  and  of  the  same  name  as  the  AaniD4| 
because  that  ia  greater  than  the  bearing. 

Suppose  the  needlo  to  point  to  N"  and  the  bearing  of  the  star, 
i.  e.  N"ZS,  to  be  10°  East  of  Magnetic  North.  The  Varia&« 
will  be  8'  West  of  true  North,  of  the  contrary  name  to  the  Arimnth, 
because  that  is  the  smaller  of  the  two.* 


■  Al^firoicnlly,  b 

ways  sublract  che  Bearing  from  ihd  Azimulli,  nnd  eivo  UW* 
niflina  Blgebnio  ligo.    It  will  be  the  Vnriation;  End  iffM 

maiDiler  iu  proper  n 

and  West,  i!  miiiun 

Th.i«  ill  Ihe  fif*l  ease  above,  the  Varialjon  —  +  !•- 

(-5°)=-|-7°  =  7 

»  Bail.    In  the  -rcoiiJ  cnjc.  llie  VnriotioD  „  ^-  2'  —  (+  ll°) 

-  +  r  -  io  E«„. 

In   iLo   lliLrd   cii.e.  Ihe  Variolion  =  +  a»  —  (+  ll)ol- 

-  8»  =  8»  W«t. 
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If  the  star  was  on  the  other  side  of  the  Pole,  the  rules  would 
api^y  likewise. 

(909)  Other  SlethodSt  Many  othermethods  of  determining  the 
true  Meridian  are  employed ;  such  as  by  equal  altitudes  and  azi- 
muths of  the  sun,  or  of  a  star ;  by  one  azimuth,  knowing  the  time ; 
by  observations  of  circumpolar  stars  at  equal  times  before  and  after 
their  culmination,  or  before  and  afker  their  greatest  elongation,  &c 

All  these  methods  however  require  some  degree  of  astronomical 
knowledge;  and  those  which  have  been  expidned  are  abundantly 
sufScient  for  all  the  purposes  of  the  ordinary  Land-Surveyor. 

"Burt's  Solar  Compass"  is  an  instrument  by  which,  "when 
adjusted  for  the  Sun's  declination,  and  the  Latitude  of  the  place, 
the  aiamuth  of  any  line  from  the  true  North  and  South  can  be  read 
off,  and  the  difference  between  it  and  the  Bearing  by  the  compass 
will  then  be  the  variation." 

(310)  Magnetic  yariation  in  the  United  States.  The  vari- 
ation of  the  Magnetic  needle  in  any  part  of  the  United  States, 
can  be  approximately  obtained  by  mere  inspection  of  the  map 
at  the  beginning  of  this  volume.*  Through  all  the  places  at 
which  the  needle  in  1860,t  pointed  to  the  true  North,  a  line  is 
drawn  on  the  map,  and  called  the  lAne  of  no  VcmcUion.  It  will 
be  seen  to  be  nearly  straight,  and  to  pass  in  a  N.N.W.  direction 
from  a  little  west  of  Cape  Hatteras,  N.  C.  through  the  middle  of 
Virginia,  about  midway  between  Cleveland,  (Ohio),  and  Erie, 
(Pa.),  and  through  the  middle  of  Lake  Erie  and  Lake  Huron.  If 
followed  South-Easteny  it  would  be  found  to  touch  the  most 
Easterly  point  of  South  America.  It  is  now  slowly  moving 
Westward. 

At  all  places  situated  to  the  East  of  this  line  (including  the 
New-England  States,  New- York,]S"ew- Jersey,  Delaware,  Mary- 
land, nearly  all  of  Pennsylvania,  and  the  Eastern  half  of  Virginia 
and  North  Carolina)  the  Variation  is  Westerly,  i.  e,  the  north  end 
of  the  needle  points  to  the  west  of  the  true  North.  At  all  places 

*  Copied  (bj  pennission)  from  one  prepared  in  1856,  by  Prof.  A.  D.  Bache,  Supt  U. 
8.  Coast  Surrey,  from  the  IT.  S.  C.  S.  Observations.  Tbe  dotted  portions  of  the  lines 
•re  interpolations  dae  to  the  kindness  of  J.  E.  Hilgard,  Assist.  U.  S.  Coast  Survey. 

f  A  irradual  chan^  in  the  Variation  is  goinfi;  on  from  year  to  year,  as  will  be  ex* 
plained  in  the  next  Chapter. 
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situated  to  the  .West  of  thia  lino  (including  the  Western  and  South' 
era  States)  the  Variation  U  easterly,  i.  e.  tlie  North  end  of  the 
needle  points  to  tl\e  East  of  tlie  true  North.  This  vciriation  in- 
creases in  proportion  to  the  distance  of  the  place  on  either  side  of 
the  line  of  no  variation,  reaching  21°  of  Easterly  Variation  in  Ore- 
gon, and  18°  of  Westerly  Variation  in  Maine. 

lAnes  of  equal  Variation  are  lines  dravm  through  all  the  places 
which  have  the  same  variation.  On  the  map  tliey  are  drann  for 
each  degree.  AJl  the  places  situated  on  the  lino  marked  1",  East 
or  West,  have  1°  Variation  ;  those  on  tho  2'  line,  have  2"  Varia- 
tion, &c.  The  variation  at  the  intermediate  places  can  be  approii- 
mately  estimated  by  tho  eye.     These  lines  all  refer  to  1340. 

Tho  lines  of  equal  Variation,  if  continued  Northward,  woulJ  aD 
meet  in  a  certain  point  called  the  diagnetic  Pole,  and  situated  in 
the  neighborhood  of  90°  West  Longitude  from  Greenwich,  and  TO" 
of  North  Latitude.     Towards  thia  pole  the  needle  tends  to  point. 

Another  Magnetic  pole  is  found  in  the  Southern  hemisphere ; 
but  the  farther  development  of  this  subject  belongs  to  a  treatise  on 
Natural  Piiilosophy, 

The  Variation  on  the  Pacific  slope  of  tliis  country  lias  been  wj 
imperfectly  ascertained.     A  few  leading  points  are  as  below- 


California ;       Point  Conception, 

Point  Penos,  Monterey, 
Presidio,  San  Francisco, 
San  Diego, 

Oregon ;  Capo  Disappointment, 

Ewing  Harbor, 

Wash.  Ter'y.  Scarboro'  Harbor, 


Sept.  1850, 13=  49V  E. 
Eeb.  1851, 14'  o8'  E- 
Feb.  1852, 15°  2T'  E. 
Mar.  1851, 12°  2^  E- 
July,  1851,20°  45'  E. 
Nov.  1851, 18°  29'  B- 
Aug.  1852,  21°  30'  E- 


(311)  To  correct  IHagnclic  Beariag:s.  The  Variation  at  »J 
place  and  time  being  known,  the  Magnetic  Bearings  taken  then 
and  then,  may  be  reduced  to  tlieir  true  Bearings,  by  these  RuliA 

Rdle  1.  When  the  Variation  ia  West,  as  it  is  in  tho  Nortlf 
Eastern  States,  the  true  Bearmg  will  be  the  sum  of  the  VariatJnn 
and  a  Bearing  which  is  North  and  West,  or  South  and  East ;  ani 
the  difference  of  the  Variation  and  a  Bearing  which  is  North  and 
East,  or  South  and  West.     To  apply  this  to  the  cai-dinal  points,  a 
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Fig.  206. 


Noiih  Bearing  must  be  called  N.  0^  West,  an  East  Bearing  N. 
90^  E.,  a  South  Bearing  S.  0°  E.,  and  a  West  Bearing  S.  90°  W. ; 
counting  around  from  N'  to  N,  in  the  figure,  and  so  onward,  ^^  with 
the  Sun." 

The  reasons  for  these  corrections 
are  apparent  from  the  Figure,  in  which 
the  dotted  lines  and  the  accented  leir  - 
ters  represent  the  direction  of  the  nee- 
dle, and  the  full  lines  and  the  unac- 
cented letters  represent  the  true  North  w — 
and  South  and  East  and  West  lines.     .^ 

When  the  sum  of  the  Variation  and 
the  Bearing  is  directed  to  be  taken, 
and  comes  to  more  than  90°,  the  sup-  s< 

plement  of  the  sum  is  to  be  taken,  and  the  first  letter  changed. 
When  the  difference  is  directed  to  be  taken,  and  the  Variation  is 
grearter  than  the  Bearing,  the  last  letter  must  be  changed.  A 
diagnun  of  the  case  will  remove  all  doubts.     Examples  of  all  these 


cases  are  given  below  for  a  Variation  of  8°  West. 

HAGNETIO 

TRUE 

MAGNETIC 

TRUE 

BEARING. 

BEARING. 

BEARING. 

BEARING. 

North. 

N.    8°W. 

South. 

S.    8°E. 

N.    1°E. 

N.    7°W. 

S.    2°W. 

S.    6°E. 

N.  40°  E. 

N.  32°  E. 

S.  60°  W. 

S.  52°  W. 

East. 

N.  82°  E. 

"West. 

S.  82°  W. 

S.  50»  E. 

S.  68°  E. 

N.  70°  W. 

N.  78°  W. 

1     S.  89°  E. 

N.  88°  E. 

N.  88°  W. 

S.  89°  W. 

fVf. 


Rule  2.  When  the  Variaiion  is 
Hasty  as  in  the  Western  and  Southern 
States,  the  preceding  directions  must 
be  exactly  reversed ;  i.  e.  the  true 
Bearing  will  be  the  difference  of  the 
Variation  and  a  Bearing  which  is  ^^ 
North  and  West,  or  South  and  East ; 
and  the  sum  of  the  Variation  and  a 
Bearing  which  is  North  and  East,  or 
South  and  West.    A  North  Bearing 
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must  be  caJied  N.  0°  E.,  a  West  Beams  N-  90'  '^•'  a  South 
Beariug  S.  0°  W.,  and  an  East  Bearing  S.  90=  E.,  counting  frou 
N'  to  N,  and  bo  onward,  "  ag^nst  tlie  sun."  The  reasons  foi 
these  rules  are  seen  in  the  Eigure.  Examples  are  given  below,  ki 
a  Variation  of  0°  E. 


MAGNETIC 
BEARING. 

xauii 

BEARING. 

MAGNBTIO 
BEARING. 

TBUB 
BEARINQ. 

North. 
N.  40"  E. 
N.  89' E. 

East. 
S.    I'E. 
S.  50'  E. 

N.    5"  E. 
N.  45" E. 
S.  86"  E. 
S.  85°  E. 
S.    4"W. 
S.  45"  E. 

SouUi. 
S.  60"  w. 
S.  87"  W. 

West. 
N.  70" W. 
N.    2"  W. 

S.     6"  W. 
S.  65"  W. 

N.  88" W. 
N.  85"  W. 
N.  63'  W. 
N.    3"E. 

(313)  To  surrey  a  line  with  true  Bearings.     The  conpw 

may  be  set,  or  adjusted,  by  means  of  the  Vernier,  (noticed  iuAitl. 
(229)  and  (237),  and  shown  in  Tig.  148,  page  126)  accordingto 
the  Variation  in  any  place,  so  that  the  Bearings  of  any  lines  tbeo 
taken  with  it  is-ill  he  their  true  Bearings.  To  effect  tliis,  turn  aeide 
the  compass  plate,  by  means  of  the  Tangent  Screw  which  mora 
the  Vernier,  a  numher  of  degrees  equal  to  the  Variation,  moTiap 
the  S.  end  of  the  Compass-bo-t  to  the  ri^ht,  (the  North  end  being 
supposed  to  go  ahead)  if  tie  Variation  be  Westerly,  and  vice  varia; 
for  that  moves  the  North  end  of  the  Compass-box  in  the  contrarj 
direction,  and  thus  makes  a  line  which  before  was  N.  by  the  Me- 
dio, now  read,  as  it  should  truly,  North,  so  many  degrees,  West 
if  the  Variation  was  West ;  and  similarly  in  the  reverse  casa. 
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CHANGES  IN  TUE  FARIATION. 

(31S)  The  Changes  in  the  Variation  are  of  more  practical 
importance  than  its  absolute  amount.  They  are  of  four  kinds: 
Irregular,  Diurnal,  Annual  and  Secular. 

(314)  Irrepnlar  changes*  The  needle  is  subject  to  sudden 
and  violent  changes,  which  have  no  known  law.  They  are  some- 
times coincident  with  a  thunder  storm,  or  an  Aurora  Borealis, 
(daring  which,  changes  of  nearly  1°  in  one  minute,  2^°  in  eight 
minutes,  and  10^  in  one  night,  have  been  observed),  but  often 
nave  no  apparent  cause,  except  an  otherwise  invisible  "  Magnetic 
Storm." 

(315)  The  Dinmal  change*  On  continuing  observations  of 
the  direction  of  the  needle  throughout  an  entire  day,  it  will 
be  found,  in  the  Northern  Hemisphere,  that  the  North  end 
of  the  needle  moves  Westward  from  about  8  A.  M.  till  about  2 
P.  M.  over  an  arc  of  ifrom  10'  to  15',  and  then  gradually  returns 
to  its  former  position.*  In  the  Southern  Hemisphere,  the  direction 
of  this  motion  is  reversed.  The  period  of  this  change  being  a  day, 
it  is  called  the  Diurnal  Variation,  Its  eflfect  on  the  permanent 
Variation  is  necessarily  to  cause  it,  in  places  where  it  is  West,  to 
attain  its  maximum  at  about  2  P.  M.,  and  its  minimum  at  about  8 
A.  M. ;  and  the  reverse  where  the  Variation  is  East. 

This  Diurnal  change  adds  a  new  element  to  the  inaccuracies  of 
the  compass ;  since  the  Bearings  of  any  line  taken  on  the  same 
day,  at  a  few  hours  interval,  might  vary  a  quarter  of  a  degree, 
wluch  would  cause  a  deviation  of  the  end  of  the  line,  amountuig  to 
nearly  half  a  link  at  the  end  of  a  chain,  and  to  35  links,  or  23 
feet,  at  the  end  of  a  mile.  The  hour  of  the  day  at  which  any 
important  Bearing  is  taken  should  therefore  be  noted. 

*  A  limilar  bat  imaller  movement  takes  place  durinf^  the  night 
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(3lfi)  The  Annual  change.  If  the  observations  be  contmaed 
throughout  an  entii-c  year,  it  will  be  found  that  the  Diumal  chsngei 
vary  with  the  seasons,  being  about  twice  as  great  in  Summer  as  in 
'Wmter.  The  period  of  thia  change  being  a  year,  it  is  called  tbe 
Annual  Variation. 

(317)  The  SecDiar  change.    ^^Tien  accurate  obsorratiooa  n 

the  Variation  of  the  needle  in  the  same  place  are  continued  tar 
Beveral  years,  it  is  found  that  there  is  a  continual  and  tolertblj 
regular  increase  or  decrease  of  the  Variation,  continuing  to  ptfr 
ceed  in  the  samo  direction  for  so  long  a  period,  that  it  may  be 
called  the  Secular  change  of  Variation,' 

The  most  ancient  observations  are  those  taken  in  Fans.  Li  Ibe 
year  1541  the  needle  pointed  7°  East  of  North;  in  1580  theVtii- 
ation  had  increased  to  11^"  East,  bemg  its  maximum ;  the  needle 
then  began  to  move  Westward,  and  in  1G66,  it  had  returned  to  tbe 
Meridian ;  the  Variation  then  became  West,  and  continued  to 
increase  till  in  1814  it  attwned  its  maximum,  beiug  22'  34'  W«rt 
of  North.  It  is  now  decreasing,  and  in  1853  waa  20' 17' W.  In 
London,  the  Variation  in  1576  was  11°  15'  E.;  in  1662,  0°J  ta 
1700,  9'  40'  W. ;  in  1778,  22=  11'  W. ;  in  1815,  24»  2T'ff.; 
and  in  1843,  23°  8'  W. 

In  this  country  the  north  end  of  the  needle  was  moving  Ea»fr 
ward  at  the  earliest  recorded  obsen'ations,  and  continued  to  do  » 
till  about  the  year  1810  (variously  recorded  aa  from  1793  to 
1819),  when  it  began  to  move  Westward  which  it  has  ever  ance 
continued  to  do.  Thus,  in  Boston,  from  1708  to  1807  the  Yam 
tion  changed  from  9'  W.  to  6'  5'  W.,  and  fram  1807  to  1840,  it 
changed  from  6"  5'  W.  to  9"  18'  W. 

Valuable  Tables  of  the  Secular  changes  of  the  Variation  in  vM 
ous  parts  of  the  United  States  have  been  published  by  Prof,  Loonua 
in  Silliman's  "  American  Journal  of  Science,"  Vol.  34,  July,  1838, 
p.  301;  Vol.  39,  Oct.  1840,  p.  42;  and  Vol.  43,  Oct.  1842, 
p.  107.  An  abstract  of  the  most  reliable  of  them  is  here  giTen. 
rn)y  and  Schenectady  are  from  other  sources. 
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PLACE. 


•arlington,  Yt. 

lesterfield,  N.  H. 
irfield,  Mass. 

tambridge,  Mass. 
Bcw-Haven,  Conn. 
Keeseville,  N.  Y. 
Albany,  N.  Y. 


•  a 


Iroy,  N.  Y. 
Schenectady,  N.  Y, 

ew-York  City. 

Philadelphia. 

ledgeville,  Ga. 
Mobile,  Ala. 
Cleyehaid,  0. 
pbrietta,  0. 
Cincinnati,  0. 
Detroit,  Mich. 
Alton,  Dl. 


LATITUDE. 


440  27' 
42^  53' 
42^  34' 
42^  22' 
41°  18' 
44°  28' 
420  39' 


42°  44' 

42°  49' 
« 

40°  43' 
390  67' 
330  7' 
30°  40' 
41°  30' 
39=-  25' 
39°  6' 
42°  24' 
380  52' 


LONQITODB. 


73^  10' 

72°  20' 
72°  29' 
71°  7' 
72°  58' 
73°  32' 
73°  45' 

73°  40' 
730  65' 

74°  01' 
75°  11' 
83°  20' 
88°  11' 
81°  46' 
81°  26' 
84°  27' 
82°  68 
90O  12' 


DATES. 


1811...1834 
1820...1836 
1811...1837 
1810...1840 
1819...1840 
1825...1838 
1818...1842 
1842.. .1854 
1821...1837 
1829...1841 
1841...1854 
1824...1837 
1813...1837 
1805.,.1835 
1809...1835 
1825...1838 
1810...1838 
1825...1840 
1822...1840 
1835...1840 


ANmiAU 
MOTION. 


4'.4 
6'.4 
6'.7 
3'.4 
4'.6 
5'.4 
3'.6 
4'.9 
6'.2 
7'.2 
6'.0 
3'.7 
3'.6 
1'.7 
2'.  2 
4'.5 
2'.4 
2'.0 
4'.3 
3'.0 


From  tiiese  and  other  obserrationa  it  appears  that  at  present  the 
Uses  of  equal  yariation  are  moving  Westward,  producing  an  annual 
chango  of  variation  (increasing  the  Westerly  and  lessening  the 
Basteily)  which  is  different  in  different  parts  of  the  country,  and 
IS  about  fire  or  six  mmutes  in  the  North-Eastern  States,  three  or 
four  nunutes  in  the  Middle  States,  and  two  minutes  in  the  Southern 
States. 


(318)  Determination  of  the  change,  by  Interpolation!    To 

detenmne  the  change  at  any  place  and  for  any  interval  not  found 
i&  die  recorded  observations,  an  approximation,  sufficient  for  most 
P'ttpoees  of  the  surveyor,  may  be  obtained  by  interpolation  (by  a 
^^xa^  proportion)  between  the  places  given  in  the  Tables,  assum< 
n>g  the  movements  to  have  been  umform  between  the  given  dates ; 
md  also  assunung  the  change  at  any  place  not  found  in  the  Tables, 
to  nave  been  intermediate  between  those  of  the  lines  of  equal  varia- 
**>  which  pass  through  the  places  of  recorded  observations  on 
*»«h  aide  of  it,  and  to  have  been  in  the  ratio  of  its  respective  ''«*■ 
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tances  from  those  two  lines ;  for  example,  taking  their  ftrithmetica! 
mean,  if  the  required  place  is  midway  between  them ;  if  it  be  twice 
as  near  one  as  the  other,  dividing  the  sum  of  twice  the  change  of 
the  nearest  line,  and  once  the  change  of  the  other,  bj  three ;  and 
BO  in  other  cases ;  i.  e.  giving  the  change  at  each  place,  a  "  weight" 
inversely  as  its  distance  from  the  place  at  which  the  change  b  to 
be  found. 

(319)  DcterminatioD  of  Ifac  change,  by  old  lines.  When 
the  former  Bearing  of  any  old  line,  such  as  a  farm-fence,  &e.  a 
recorded,  the  cbango  in  the  Variation  from  the  date  of  the  ori^iJ 
observation  to  the  present  time  can  be  at  once  found  by  settiDg  the 
compass  at  one  end  of  the  line  and  sighting  to  the  otJier.  The 
difference  of  the  two  Bearings  is  the  required  change. 

If  one  end  of  the  old  line  cannot  be  seen  from  the  other,  W  ia 
oft«n  the  case  when  tlie  line  is  fixed  only  by  a  *' comer"  al  ewh 
end  of  it,  proceed  thus.  Run  a  lino  from  oue  comer  with  flio  old  ' 
Bearing  and  with  its  distance.  Measure  the  distance  from  the  tmi 
of  tliis  line  to  the  other  comer,  to  which  it  will  be  opposite.  Mid- 
tiply  this  distance  by  57.3,  and  divide  by  the  length  of  the  line. 
The  quotient  will  be  the  change  of  variation  in  degrees.' 

For  example,  a  line  63  chains  long,  in  1827  had  a  Bearing  rf 
North  1°  East,  In  1847  a  trial  line  was  run  from  one  end  of  to 
former  line  with  the  same  Bearing  and  distance,  and  its  other  eai 
was  found  to  be  125  V^^^  to  the  West  of  the  true  comer.    Tb* 

change  of  VariatVm  was  therefore  — — -7 — '—  =;  1°.137  = 
"Westerly. 

•  Let  AB  be  ihe  original  lioe  ;  AC  tlie 
■nd  BO  the  ilislauce  buiween  tlieir  <^i:.... 
AB  ind  AO  may  be  rpgorded  s«  radii  oT  a  circLo 
and  BO  as  a  chord  of  ibe  arc  which  lublenda  Iheir 
■Dgle.  AuDming  tbe  chord  aud  arc  to  coincide 
(wTiich  they  will,  nearly,  for  arnidl  angle»)  we 
bave  this  proporlinn  ;  Whole  oirrumferenoe  :  arc 
BC  : :  360»  :  B.4G  ;  or,  2  X  AC  X  3.H16  :  BO 
360»  !  BAG,  whence  BAG  =  !^    X  57.3  ; 


r  more  preciiely  57J!BS7 
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(320)  Effects  of  the  Secular  change.  These  are  exceedingly 
important  in  the  re-surrey  of  farms 
by  the  Bearings  recorded  in  old 
deeds.  Let  SN  denote  the  direc- 
tion of  the  needle  at  the  time  of 
Che  original  Survey,  and  S'N'  its 
direction  at  the  time  of  the  re-sur- 
vey, a  number  of  years  later. 
Suppose  the  change  to  have  been 
3^,  the  needle  pointing  so  much 
farther  to  the  west  of  North.  The 
line  SN,  which  before  was  due 
North  and  South  by  the  needle 
will  now  bear  N.  3°  E.  and  S.  3°  W ;  the  line  AB,  which  before 
was  N.  40**  E.  will  now  bear  N.  43**  E ;  the  line  DF  which  before 
was  N.  40**  W.  will  now  bear  N.  37°  W;  and  the  line  WE,  which 
before  was  due  East  and  West,  will  now  bear  S.  87°  E.  and  N. 
87**  W.  Any  line  is  similarly  changed.  The  proof  of  this  is  appa- 
rent on  inspecting  the  figure. 

Suppose  now  that  a  surveyor,  ignorant  or  neglectful  of  this 
change,  should  attempt  to  run  out  a 
fium  by  the  old  Bearings  of  the 
deed,  none  of  the  old  fences  or  cor- 
ners remaining.  The  full  lines  in 
the  figure  represent  the  original 
bounds  of  the  farm,  and  the  dotted 
lines  those  of  the  new  piece  of  land 
which,  starting  from  A,  he  would 
unwittingly  run  out.  It  would  be  of 
the  same  size  and  the  same  shape  as 
the  true  one,  but  it  would  be  in  the 
wrong  place.  None  of  its  lines 
would  agree  with  the  tru^  ones,  and 
in  some  places  it  would  encroach  on 
one  neighbor,  and  in  other  places 
would  leave  a  gore  which  belongs  to  it,  between  itself  and  another 
neighbor.  Yet  this  is  often  done,  and  is  the  source  of  a  great  part 
of  the  litigation  among  farmers  respecting  their  '^  lines.'* 
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:i09  COMPASS  SURVEYIIVG.  [PAitTit^ 

(821)  To  rnn  out  old  lines.  To  suceeed  in  retracing  oH  I 
Jinea,  proper  alloiyaace  must  be  mado  for  the  change  in  the  Tan*  I 
t'lon  since  the  date  of  the  original  survey.  That  date  roast  firat  I 
he  accurately  ascertained  ;  for  the  survey  may  be  ranch  older  tfaas  9 
the  deed,  into  which  ita  bearinga  may  have  been  copied  from  la  I 
older  one.  The  amount  and  direction  of  the  change  is  tien  to !»  I 
.ascertained  by  the  methods  of  Arts.  (318)  or  (319).  The  ku"  J 
ings  may  then  be  corrected  by  the  following  Rules.  ^H 

WTien  the  North  end  of  the  needle  has  been  moving  Westerift^l 
(as  it  has  for  about  fofty  years),  tbe  present  Bearinga  will  belfal^H 
9ums  of  the  change  and  the  old  Bearinga  which  were  Norlh-&l^^| 
erly  or  South-Westerly,  and  the  differences  of  the  change  i>^^| 
the  old  Beftriiigs  wliich  were  North-Wosterly  or  South-Eastoriy.  ^^M 

K  the  change  have  been  EasUrltf,  reverse  the  preceding  nd^^H 
subtracting  where  it  is  directed  to  add,  and  adding  where  it  i^^| 
directed  to  aubtract.  ^^| 

Run  out  the  lines  with  tbe  Bearinga  thna  corrected.  ^H 

It  will  be  noticed  that  the  process  is  precisely  the  reveist  l^^f 
that  in  Art.  (311).  The  rules  tbero  given  in  more  detail, Bi^^-^H 
therefore  be  used;  Rule  1,  "  when  the  Variation  ia  West,"  boi^  ^ 
employed  when  tho  chani/e  has  been  a  movement  of  the  N.  «"'  I 
of  the  needle  to  the  East ;  and  Rclb  2,  "  when  the  Vaii&tioii  i>  1 
East,"  being  employed  when  tbe  N.  end  of  the  needle  has  b«n  I 
movmg  to  the  West.  1 

If  the  compass  has  a  Vernier,  it  can  bo  set  for  the  chaiige.o"" 
for  all,  precisely  as  directed  in  Art,  (312),  and  then  the  cou"*" 
can  be  run  out  as  given  in  the  deed,  the  correction  being  made  oj 
the  instrument, 

(322)  Example.     The  following  la  a  remarkable  case  «'"*^ 
recently  came  before  the     Supreme    Court    of  New-York.     ■*■ , 
North  lino  of  a  large  Estate  was  fixed  by  a  royal  grant,  date^ 
1T04,  as  a  due  East  and  West  line.     It  was  run  out  in  1*      \ 
by  a  surveyor,  whom  we  will  call  Mr.  A.     It  was  again  suivej 
in  1765,  by  Mr.  B.  who  ran  a  course  N.  87"  30'  E.     It  was  f^ ^ 
out  for  a  third  time  in  1789,  by  Mr.  C.  who  adopted  the  coii*'^ 


(6=  18'  E.     In  1815  it  was  surveyed  for  the  fourth  time 
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Mr.  D.  with  a  course  of  N.  88°  30'  E.  He  found  old  "  comers," 
and  "  blazes"  of  a  former  survey,  on  his  line.  They  are  also  found 
Ott  another  line.  South  of  his.  Which  of  the  preceding  courses 
irere  correct,  and  where  does  the  true  line  lie  ? 

The  question  was  investigated  as  follows.  There  were  no  old 
records  of  variation  at  the  precise  locality,  but  it  lies  between  the 
fines  of  equal  variation  which  pass  through  New-York  and  Boston, 
i)8  distance  from  the  Boston  line  being  about  twice  its  distance  from 
flie  New-York  line.  The  records  of  those  two  cities  (referred  to 
ft  Art.  (S17))  could  therefore  be  used  in  the  manner  explained 
kArt.  (318).  For  the  later  dates,  observations  at  New-Haven 
ooold  serve  as  a  check.  Combining  all  these,  the  author  inferred 
ihe  variation  at  the  desired  place  to  have  been  as  follows : 
In  1715,  Variation  8^  02'  West. 

In  1765,        "        5032'     "  Decrease  since  1715, 20  30'. 

In  1789,        «       5^05'     "  Decrease  since  1765,  0°  27'. 

In  1845,        "       70  23'     "  Increase  since  1789,  2°  18'. 

We  are  now  prepared  to  examine  the  correctness  of  the  allowances 
made  by  the  old  surveyors. 

The  course  run  by  Mr.  B.  in  1765,  N.  87°  30'  E.  made  an 
aDoirance  of  2°  30'  as  the  decrease  of  variation,  agreemg  precisely 
^4  our  calculation.  The  course  of  Mr.  C.  in  1789,  N.  86°  18' 
E.,  aDowed  a  change  of  1°  12',  which  was  wrong  by  our  calcula- 
tion, which  gives  only  about  27',  and  was  deduced  from  three  dif- 
ferent records.  Mr.  D.  in  1845,  ran  a  course  of  N.  88^  30'  E, 
<^g  the  increase  of  variation  since  1789,  2^  12'.  Our  estimate 
^  2^  18',  the  diflference  being  comparatively  small.  Our  con- 
dnaon  then  is  this:  the  second  surveyor  retraced  correctly  the  line 
rf  the  first :  the  third  surveyor  ran  out  a  new  and  incorrect  line :  and 
^efourih  surveyor  correctly  retraced  the  line  of  the  third,  and  found 
ha  marks,  but  this  line  was  wrong  ori^ally  and  therefore  wrong 
^w.  All  the  surveyors  ran  their  lines  on  the  supposition  that  the 
^**nal "  due  East  and  West  line  "  meant  East  and  West  as  the 
'^e  pointed  at  the  time  of  the  original  survey. 

The  preponderance  of  the  testimony  as  to  old  land  marks  agreed 
™i  the  results  of  the  above  reasonmg,  and  the  decision  of  tb« 
^^  was  in  accordance  therewith. 

14 


2210 


COMPASS  SURTETING. 


[[part  d 


Fig.  211 


In  the  above  figure  the  horizontal  and  vertical  lines  represent 
true  East  and  North  lines  ;  and  the  two  upper  lines  running  from  left 
to  right  represent  the  two  lines  set  out  by  the  surveyors  and  in  the  / 
years,  there  named. 

(323)  Remedy  for  the  evils  of  the  Secular  change.      The 

only  complete  remedy  for  the  disputes,  and  the  uncertainty  of 
bounds,  resulting  from  the  continued  change  in  the  variation,  is 
this.  Let  a  Meridian,  i.  e.  a  true  North  and  South  line,  be  estab- 
lished in  every  town  or  county,  by  the  authority  of  the  State ; 
monuments,  such  as  stones  set  deep  in  the  ground,  being  placed  at 
each  end  of  it.  Let  every  surveyor  be  obliged  by  law  to  test  his 
compass  by  this  line,  at  least  once  in  each  year.  This  he  could 
do  as  easily  as  in  taking  the  Bearing  of  a  fence,  by  setting  his 
instrument  on  one  monument,  and  sighting  to  a  staff  held  on  the  other. 
Let  the  variation  thus  ascertained  be  inserted  in  the  notes  of  the 
survey  and  recorded  in  the  deed.  Another  surveyor,  years  or 
centuries  afterwards,  could  test  his  compass  by  taking  the  Bearing 
of  the  same  monuments,  and  the  difference  between  this  and  the 
former  Bearing  would  be  the  change  of  variation.  He  could  thus 
determine  with  entire  certainty  the  proper  allowance  to  be  made 
(as  in  Art.  (321))  in  order  to  retrace  the  original  line,  no  matter 
how  much,  or  how  irregularly,  the  variation  may  have  changed,  or 
how  badly  adjusted  was  the  compass  of  the  original  survey.  Any 
permanent  line  employed  in  the  same  manner  as  the  meridian  line, 
would  answer  the  same  purpose,  though  less  conveniently,  and  every 
surveyor  should  have  such  a  line  at  least,  for  his  own  use.* 

•  This  remedy  seems  to  have  been  first  suggested  by  Ritteiihouse.  It  has  since 
been  recommended  by  T.  Sopwith,  in  1822;  by  E.  F.  Johnson,  in  1831,  and  by 
W,  Roberts,  of  Troy,  in  1839.  The  errors  of  re-surveys,  in  which  the  cbangci 
is  neglected,  were  noticed  in  the  "  Philosophical  Transactions,"  ab  long  ago  aa  1679 
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CHAPTER  L 

THE  USSTRUIHENTS. 

(324>  The  Transit  and  The  Theodolite  (figures  of  which  are 
g^yen  on  the  next  two  pages)  are  GoniometerB^  or  Angle-Measurers. 
Each  consists,  essentially,  of  a  circular  plate  of  metal,  supported  in 
facli  a  manner  as  to  be  horizontal,  and  divided  on  its  outer  circum- 
ference into  degrees,  and  parts  of  degrees.  Through  the  centre  of 
tins  ]^te  passes  an  upright  axis,  and  on  it  is  fixed  a  second  circu- 
jur  plate,  which  nearly  touches  the  first  plate,  and  can  turn  freely 
around  to  the  right  and  to  the  left.  This  second  plate  carries  a 
Telescope,  which  rests  on  upright  standards  firmly  fixed  to  the 
plate,  and  wMch  can  be  pointed  upwards  and  dovniwards.  By 
die  combination  of  this  motion  and  that  of  the  second  plate  around 
its  anSj.the  Telescope  can  be  directed  to  any  object.  The  second 
plate  has  some  mark  on  its  edge,  such  as  an  arrow-head,  which 
seires  as  a  pointer  or  index  for  the  divided  circle,  like  the  hand  of 
a  dock.  When  the  Telescope  is  directed  to  one  object,  and  then 
tamed  to  the  right  or  to  the  left,  to  some  other  object,  this  index, 
wUcli  moves  ^th  it  and  passes  around  the  divided  edge  of  the 
other  plate,  points  out  the  arc  passed  over  by  this  change  of  direc- 
tion, aiid  thus  measures  the  angle  made  by  the  lines  imagined  to 
firom  the  centre  of  the  instrument  to  the  two  objects. 
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TRANSIT  AND  TBEODOLITE  SCRVETISC. 

(325)  DIstinctfoD.  The  prccciiiiig  description  applies  to  botli 
the  Transit  and  tbe  Tlieodolite.  But  au  esscntiskl  differencf 
between  them  is,  that  in  the  Transit  the  Telescope  can  turn  com 
pletelj  over,  so  as  to  look  both  forward  and  backward,  while  m 
the  Theodolite  it  cannot  do  so.     Hence  the  name  of  the  Tranait.' 

This  capability  of  reversal  enables  a  straight  line  to  be  proloBgeii 
from  one  end  of  it,  or  to  be  ranged  out  in  both  directions  from  any 
one  point.  The  Telescope  of  the  Theodolite  can  indeed  be  takea 
out  of  the  Y  shaped  supports  in  which  it  rests,  and  be  replaced 
end  for  end,  but  tliis  operation  is  an  imperfect  substitute  for  the 
revolution  of  the  Teleacope  of  the  Transit.  So  also  is  the  taming 
halfway  around  of  the  upper  plate  which  carries  the  Telcaeope. 

The  Theodolite  has  a  level  attached  to  its  Telescope,  and  a  TCrtical 
circle  for  measuring  vertical  angles.  The  Transit  does  not  usuallj 
have  these,  though  they  are  sometimes  added  to  it.  The  instro- 
ment  may  then  be  named  a  TransitrTheodoHte.  It  tLen  corre- 
sponds to  the  altitude  and  azimutli  instrument  of  Astronomy.  Ab 
the  greater  part  of  tlio  points  to  he  explained  are  common  to  Iwlli 
the  Transit  and  the  Theodolite,  the  descriptions  to  be  given  may 
be  regarded  as  applicable  to  either  of  the  instruments,  except  when 
the  contrary  is  expressly  stated,  and  some  point  peculiar  to  cJtber 
is  noticed. 

(33S)  The  great  value  of  these  mstrumcnts,  and  the  accuracy 
of  their  measurements  of  angles  are  due  chiefly  to  two  things;  to 
the  Telescope,  by  which  great  precision  in  sighting  to  a  point  a 
obtained ;  and  to  the  Vernier  Scale,  which  enables  minute  portions 
of  any  arc  to  be  read  with  ease  and  correctness.  The  former 
Bfisists  the  eye  in  directing  the  line  of  sight,  and  tbe  latter  luds  it 
in  reading  off  the  results.  Arrangements  for  giving  slow  and 
steady  motion  to  the  movable  parts  of  the  instruments  add  to  the 
value  of  the  above.  A  contrivance  for  liepeadng  the  observation 
of  angles  still  farther  lessens  the  unavoidable  inaccuracies  of 
these  observations. 

•  It  u  sometimes  called  tLe  "  Engineers'  Trn 
dUtingaisli  it  from  the  AetroDomiul  Trnnsit-ioat 
■ImOflt  untirely  BuppUnted  the  Theodolite. 
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The  inaccurate  division  of  the  limb  of  the  instrument  is  also 
averaged  and  thus  diminished  by  the  last  arrangement.  Its  want 
of  true  "  centring,"  is  remedied  by  reading  off  on  opposite  sides 
of  the  circle. 

Imperfections  m  the  parallelism  and  perpendicularity  of  the  parts 
of  the  instrument  in  which  those  qualities  are  required,  are  cor- 
rected by  various  "  adjustments,"  made  by  the  various  screws 
whose  heads  appear  in  the  engravings. 

The  arrangements  for  attaining  all  these  objects  render  necessary 
the  numerous  parts  and  apparent  complication  of  the  instrument. 
But  this  complication  disappears  when  each  part  is  examined  in 
turn,  and  its  uses  and  relations  to  the  rest  are  distinctly  indicated. 
Tins  we  now  propose  to  do,  after  explaining  the  engravings. 

(327)  In  the  figures  of  the  instruments,  given  on  pages  212  and 
213,  the  same  letters  refer  to  both  figures,  so  far  as  the  parts  are 
ccmimon  to  both.*  L  is  the  limb  or  divided  circle.  V  is  the 
index,  or  "Vernier,"  which  moves  around  it.  In  the  Transit,  only 
a  small  portion  of  the  divided  limb  is  seen,  the  upper  circle  (which 
in  it  is  the  movable  one)  covering  it  completely,  so  that  only  a 
short  piece  of  the  arc  is  visible  through  an  openmg  in  the  upper 
plate.  S,  S,  are  standards,  fastened  to  the  upper  plate  and  sup- 
porting the  telescope,  EO.  G  is  a  compass-box,  also  fastened  to 
the  upper  plate.  <?  is  a  clamp-screw,  which  presses  together  the  two 
plates,  and  prevents  one  from  moving  over  the  other,  t  is  a  tangent- 
screw,  or  slow-motion  screw,  which  gives  a  slow  and  gentle  motion 
to  one  plate  over  the  other.  C  is  a  clamp-screw  which  fastens  the 
lower  plate  to  the  body  of  the  instrument,  and  thus  prevents  it  from 
moving  on  its  own  axis.  T  is  the  tangent-screw  to  ^ve  this  part  a 
slow-motion.  P  and  P'  are  parallel  plates  through  which  pass  four 
screws,  Q,  Q,  Q,  Q,    by  which  the  circular  plate  L  is  made  level, 

•  The  arrangements  of  these  instraments  ai^e  differently  made  by  almost  every 
maker;  but  any  form  of  them  being  thoronghly  understood,  any  new  one  will 
:aase  no  difficulty.  The  figure  of  the  Transit  was  drawn  from  one  made  by  W. 
fe  L.  E.  Garley,  of  Troy,  N.  Y.  to  the  latter  of  whom  the  Author  is  indebted  foi 
lome  valuable  information  respecting  the  details  of  the  instrument.  The  Theodo 
it3  is  of  the  favorite  English  form. 
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aa  determined  bj  the  bubbles  in  tJio  small  epirit  levels,  B,  B,  of 
which  thcru  are  two  at  right  angles  to  each  other. 

In  the  figure  of  the  Theodolite,  the  large  level  ft,  and  the  BemJ- 
circle  NN  are  for  the  purposes  of  Levelling,  and  of  meaamiig 
Vertical  angles.     They  will  therefore  not  be  described  in  thia  place, 

(338)  As  the  value  of  cither  of  these  instruments  depends 
greatly  on  the  accurate  fitting  and  bearing  of  the  two  concentric 
vertical  axes,  and  aa  their  connection  ought  to  bo  thoroughly  nndov 
stood,  a  vertical  section  through  the  body  of  the  instrument  a 
given  in  Fig.  214,  to  half  the  real  cize.  The  tapering  spindle  « 
Fix.,sr4. 


mverted  frustum  of  a  cone,  marked  AA,  supports  the  upper  ^ 
BB,  ivhich  carries  the  index,  or  Verniers,  V,  V,  and  the  Telescope. 
The  whole  bearing  of  this  plate  is  at  C,  C,  on  the  top  of  the  holloir 
inverted  cone  EE,  in  which  the  spindle  turns  freely,  but  steadily. 
Thia  interior  position  of  the  bearings  preserves  them  from  dost 
and  injury.  This  hollow  cone  carries  the  lower  or  graduat-ed  plate, 
and  it  can  itself  turn  around  on  the  bearings  D,  D,  carrymg  with  il 
Lhe  lower  circle,  and  also  the  upper  one  and  all  above  it. 

The  Vernier  scales  V,  V,  are  atta,ched  to  the  upper  plat«,  but 
lie  in  tbe  same  plane  as  the  divisions  L,  L,  of  the  lower  plate,  (so 
that  the  two  can  be  viewed  together,  widiout  parallax,)  and  are 
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covered  mth  gloss,  to  exclude  dost  and  moisture.     In 
the  figure  the  hatching  are  drawn  in  different  directions 

on  the  parts  which   move  with   the  Vernier,  and  on 

fluse  which  move  only  with  the  hmb. 


(331)  The  Telescope.    This  is  a  combination  of 
Wiiflee,  placed  in  a  tube,  and  so  arranged,  in  accordance 
vith  the  laws  of  optical  science,  that  an  image  of  any 
i^et  to  which  the  Telescope  may  be  directed,  is  formed 
litluQ  the  tube,  ^y  the  rays  of  light  coming  from 
tbo  object  and  bent  in  pasang  through  the  object-gloas) 
tod  there  magnified  by  an  Eye-glass,  or  Eyerpiece,  com- 
poeed  of  several  lenses.  The  arrangement  of  these  lenses 
are  Tery  various.  Those  two  combinations  which  are  pre- 
ferred for  surveying  instruments,  will  be  bere  explained. 
1%.  215  represents  a  Telescope  which  inverts  objects. 
Anj  object  is  rendered  visible  by  every  point  of  it  send- 
ing Girth  rays  of  light  in  every  direction.     In  this  figure, 
the  highest  and  lowest  points  of  the  object,  which  here  is 
an  urow.  A,  are  alone  considered.    Those  of  the  rays 
proceedbg  from  Uiem,  which  meet  the  object-glass,  0, 
fi>m  a  cone.    The  centre  line  of  each  cone,  and  its  ex- 
^''^Q  upper  and  lower  lines  are  alone  shown  in  the 
Bgve.    It  will  be  seen  that  these  rays,  after  passing 
through  the  object-glass,  are  re&acted,  or  bent,  by  it, 
^  aa  to  cross  one  another,  and  thus  to  fonn  at  B  an 
""erted  image  of  the  object.     This  would  be  rendered 
'^wble,  if  a  piece  of  ground  glass,  or  other  semi-tranapar 
'^at  substance,  was  placed  at  the  point  B,  which  is  called 
the  foau  of  the  object-glass.    The  rays  which  form  this 
Ullage  continue  onward  and  pass  through  the  two  leases 
^  and  D,  which  act  like  one  magnifying  glaas,  so  that 
*'>o  Mja,  after  being  refracted  by  them,  enter  the  eye 
**  WKh  angles  aa  tn  form  there  a  magnified  and  invert- 
•d  image  of  the  object     This  combination  of  the  two 
tf^ooijonvex  lenses,  C  and  D,  is  known  as  "  Ramsden'a 
%«i»ece." 
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This  Telescope,  invertbg  objects,  shows  them  upude  y.^  ,,^ 
down,  and  the  right  ude  oa  the  left.  The^  can  be 
shown  erect  bj  adding  one  or  two  more  lenses  aa  in  tlie 
marginal  £gure.  But  as  these  lenses  absorb  li^t  and  les- 
sen the  distinctness  of  vision,  the  former  arrangement  is 
preferable  for  the  glasses  of  a  Truisit  or  a  Theodolite. 
A  little  practice  makes  it  equally  conresient  for  the 
observer,  who  soon  becomes  accustomed  to  seeing  hb 
flagmen  standing  on  their  beads,  and  soon  learns  to 
motion  them  to  the  light  when  be  wishes  them  to  go  to 
the  left,  and  vice  versa. 

Rgure  216  represents  a  Telescope  which  shows  ob- 
jects erect.  Its  e;e-piece  has  four  lenses.  The  eye- 
piece of  the  common  terrestrial  Telescope,  or  spy-glass, 
has  three.  Many  other  combinations  may  be  used,  all 
intended  to  show'the  object  achromatically,  or  free  firma 
false  coloring,  but  the  one  here  shown  is  that  most  gene- 
rally preferred  at  the  present  day.  It  will  be  seen  tiiat 
an  inverted  image  of  the  object  A,  is  formed  at  B,  as 
before,  but  that  the  rays  continuing  onward  are  so 
refracted  in  passing  through  the  lens  G  aa  to  again 
cross,  and  thus,  afler  farther  refraction  by  the  lenses  D 
and  E,  to  form,  at  F,  an  erect  image,  which  is  magni- 
fied by  the  lens  G. 

In  both  these  figures,  the  limits  of  the  page  render 
it  necessary  to  draw  die  angles  of  the  rays  very  much 
out  of  proportion. 

(330)  Cross^halrs.  Since  a  considerable  field  of 
view  B  seen  in  looking  through  the  Telescope,  it  is 
necessary  to  provide  means  for  directing  the  line  of  ^ght 
to  the  precise  point  which  is  to  be  observed.  This 
could  be  eficcted  by  placing  a  very  fine  point,  such  as 
that  of  a  needle,  within  the  Telescope,  at  some  place 
where  it  could  be  distinctly  seen.  In  practice  this  fine 
point  is  obtained  by  the  interaection  of  two  very  fine 
Lines,  placed  in  thocommon/ocusof  the  objects-glass  and 


^  t-l  The  iBStnuieits.  219 

the  eje-piece.  These  lines  are  called  the  crogs-hain,  or  crott- 
•a.  Their  intersectioa  can  be  seen  through  the  eye-piece,  at 
iBune  time,  and  apparently  at  the  same  place,  as  the  image  of  the 
itut  object.  The  magnifying  powers  of  the  eye-piece  will  then  de- 
etthe  slightest  deviation  from  perfect  coincidence.  "  This  applica- 
en  of  die  Telescope  may  be  considered  as  completely  annihilat- 
iig  that  part  of  the  error  of  observation  which  might  otherwise 
m  from  an  erroneous  osiJmation  of  the  direction  in  which  an 
Hjeet  lies  from  the  observer's  eye,  or  from  the  centre  of  the  insti-u- 
mt  It  is,  in  fact,  the  grand  source  of  all  the  precision  of  modem 
litnmDiiiy,  without  which  all  other  refinements  in  instrumental  work- 
Buship  would  be  thrown  away."  What  Sir  John  Herachel  here 
»J3  of  its  utility  to  Astronomy,  is  equally  applicable  to  Surveying. 

The  imaginary  line  wtuch  passes  tiirough  the  intersection  of  the 
na»luir8  and  the  optical  centre  of  the  objectrglass,  is  called  the 
^efcolUmation  of  the  Telescope." 

Ik  cross-hfura  are  attached  to  a  ring,  or  short  thick  tube  of 
nn,  [4a<fed  within  the  Tele-  pj-_  gjy, 

ope  tube,  through  holes  in  KJ  ^^ 

lieh  pass  loosely  four  screws,  .^SSm^^        "nmln 

ifai heads  being  seen  at  a,        j^^^^^^^fe^V         r3"i 
a,  in  Figs.  212  and  213),       n,^f        ^^^  1 

080  threads  enter  and  take    [i||'     i ■■^^  ' 

d  of  the  ring,  behind  or  in       V  ^      ,  J^SB 

Qt   of   the    cross-hairs,  as        V  s^^Zy  ^L: 

'wn  (in  front  view  and  in  ''-J^S^^        "       tlV  ' 

tJMi)  in  the  two  figures  in  ^ 

I  mar^n.     Their  movflments  will  be  explained  in  Chapter  in, 

Dsually,  one  cross-hwr  is  horizontal,  and  the        j-jj,_  ^g 

ler  vertical,  as  in  Pig.  217,  but  sometimes  they 

s  arranged  as  in  Fig.  218,  which  b  thought  to 

abb  the  object  to  be  bisected  vrith  more  preci-  [ 

<■■    A  horizontal  hair  is  sometimes  added. 

Tie  croB»-h^r3  are  best  made  of  platinum  wire, 

Bwa  out  very  fine  by  being  previously  enclosed 

From  the  Lada  word  CoUimo,  or  Collinm,  meaning  lo  direct  one  thiog  ta 
"rtiinolher  la  a  itniiglit  line,  or  to  aim  al.    The  lint  of  aim  would  eipreu  the 
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in*  a  larger  wire  of  silver,  and  the  silver  thcu  removed  by  nitric 
acid.  Silk  threads  from  a  cocoon  are  Bometimes  used.  Siudeis' 
threads  are,  however,  the  most  usual.  If  a  cross-hair  is  broken, 
tie  ring  must  bo  taken  out  by  removing  two  opposite  screws,  and 
inserting  a  wiro  with  a  screw  eut  on  its  end,  or  a  stick  of  suitable 
size,  into  one  of  the  holes  thus  left  open  in  the  ring,  it  being  trailed 
aldeways  for  that  purpose,  and  then  removing  the  other  screw. 
The  spider's  threads  are  then  stretched  across  the  notches  eeoi  b 
the  end  of  the  ring,  and  are  fastened  by  gum,  or  vamish,  or  beet- 
wax.  The  operation  is  a  very  delicate  one.  The  following  planbai 
been  employed.  A  piece  of  wire  is  bent,  as  in  the  6gure,  so  M  to 
leave  an  opening  a  little  wider  than  the  *■'«.  219. 

ring  of  the  cross-hairs.  A  cobweb  is  cho-  ^—j-p^"  |\  A  A  A  A^ 
sen,  at  the  end  of  which  a  spider  is  bang-  ' 

ing,  and  it  ia  wound  around  the  bent  wire, 
as  in  the  figure,  the  weight  of  the  insect 
keeping  it  tight  and  stretching  it  ready  for  use,  each  part  bang 
made  fast  by  gum,  &c.  When  a  cross-htur  is  wanted,  one  of 
these  is  Itud  across  the  ring  and  there  attached.  Another  method 
ia  to  draw  the  thread  out  of  the  spider,  persuading  blin  to  spii,if 
he  sulks,  by  tossing  him  from  hand  to  hand.  A  stick  of  sodi 
threads  must  be  obtained  in  warm  weather  for  the  winter's  wants. 
A  piece  of  thin  glass,  with  a  horizontal  and  a  vertical  lino  etcbeJ 
on  it,  may  be  maJile  a  substitute. 

(331)  Instrnmental  Parallax.  This  is  an  apparent  moverneni 
of  the  cross-hairs  about  the  object  to  which  the  line  of  sight  is 
dii-ected,  taking  place  on  any  shght  movement  of  the  eye  of  lb* 
observer.  It  is  caused  by  the  image  and  the  cross-hoars  not  being 
precisely  in  the  common  focus,  or  point  of  distjnct  \Tsion  of  &e 
eye-piece  and  the  object  glass.  To  correct  it,  move  the  eye-piec* 
out  or  ia  till  tlie  cross-hairs  are  seen  clearly  and  sharply  defined 
against  any  white  object.  Then  move  the  object  glass  in  or  oat 
till  the  object  is  also  distinctly  seen.  The  cross-hairs  will  ftien 
seem  to  be  fixed  to  the  object,  and  n 
sause  them  to  appear  to  change  their  place. 


0  movement  of  the  eye  nill 
lace.  ^^^J 
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(332)  The  milled-headed  screw  seen  at  M,  passmg  into  the  tele 
jpe  has  a  pinion  at  its  other  end  entering  a        Fig.^220. 
sOed  rack,  and  is  used  to  move  the  object  glass,  ^-wv^WoW 
I  oat  and  in,  according  as  the  object  looked  at  is  %aS^ 

Mier  or  farther  than  the  one  last  observed.  Short  distances 
fifdre  a  long  tube :  long  distances  a  short  tube. 
The  eye-piece,  E,  is  usually  moved  in  and  out  by  hand,  but  a 
boilsr  arrangement  to  the  preceding  is  a  great  improvement.  This 
norement  is  necessary  in  order  to  obtain  a  distmct  view  of  the 
snbMts.  Short-sighted  persons  require  the  eye-piece  to  be 
podied  farther  in  than  persons  of  ordinary  sight,  and  old  or  long- 
B^ted  persons  to  have  it  drawn  further  out. 

(3S3)  Supports*  The  Telescope  of  the  Transit  is  supported 
bj  a  hollow  axis  at  right  angles  to  it,  which  itself  rests  at  each  end, 
00  two  upright  pieces,  or  standards,  spreading  at  their  bases  so  as 
to  increase  their  stability.  In  the  Theodolite^  the  telescope  rests 
It  each  end  in  forked  supports,  called  Y^?  ^^^^  ^^^^  shape. 
Oifise  Ys  are  themselves  supported  by  a  cross-bar,  which  is  ear- 
ned by  an  axis  at  right  angles  to  it  and  to  the  telescope.  This 
Kns  rests  on  standards  similar  to  those  of  the  Transit.  The  Tele- 
W»pe  of  the  Theodolite  can  be  taken  out  of  the  Ys,  and  turned 
'end  for  end."  This  is  not  usual  in  the  Transit.  Either  of  the 
'''oye  arrangements  enables  the  Telescope  to  be  raised  or  depressed 
^  38  to  suit  the  height  of  the  object  to  which  it  is  directed.  A 
'fescope  so  disposed  is  called  a  "  plun^g  telescope." 
hi  some  instruments  there  is  an  arrangement  for  raising  or  low- 
^  one  end  of  the  axis.  This  is  sometimes  required  for  reasons 
be  pven  in  coimection  with  "  Adjustments." 

(S34)  The  Indexes*  The  supports,  or  standards,  of  the  telescope 
at  described  are  attached  to  the  upper,  or  index-carrying  circle.* 
lis,  as  has  been  stated,  can  turn  freely  on  the  lower  or  graduated 
Pcle,  by  means  of  its  conical  axis  moving  in  the  hollow  conical 
08  of  the  latter  circle.     ThJB  upper  circle  carries  the  index,  V, 

*  In  some  instraments  this  circle  is  the  under  one.  In  our  figures  it  is  the  upper 
^«  sad  we  will  therefore  always  speak  of  it  as  such. 
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wbicli  is  an  arrow-head  or  otlier  mark  on  its  edge,  or  the  zero-point  of 
a  Vernier  scale.  There  are  usually  two  of  theac,  situated  eiactlj 
opposite  to  each  other,  or  at  the  extremities  of  a  diameter  of  the 
upper  circle,  so  that  the  readings  on  the  graduated  circle  pointed  out 
bj  them  differ,  if  both  are  correct,  exactly  180°.  The  object  of  thJi 
arrangement  is  to  correct  any  error  of  cceeniridty,  ansing  from  klw 
centre  of  the  axis  which  carries  the  upper  circle,  (and  with  wlach  it 
and  its  index  pointers  turn),  not  being  precisely  in  the  centre oF^ 
graduated  circle.  In  the  figure,  let  C 
be  the  true  centre  of  the  graduated  cir- 
cle, hut  C  the  centre  on  which  the  plate 
carrying  the  indexes  turns.  Let  AC'S 
represent  the  direction  of  a  sight  taken 
to  one  object,  and  D'C'E'  the  direction 
when  turned  to  a  second  object.  The 
angle  subtended  by  the  two  objects  at 
the  centre  of  the  instrument  is  requir- 
ed. Let  DE  be  a  line  passing  through  C,  and  paraQ^  (oDV> 
The  angle  ACD  equals  the  required  angle,  which  is  therefore  lidj 
measured  by  the  arc  AD  or  BE.  But  if  the  arc  shown  by  the 
index  is  read,  it  will  be  AD'  on  one  aide,  and  BE'  on  the  other; 
the  first  being  too  small  by  the  are  DD'  and  the  other  too  iMige  by 
the  equal  arc  EE'.  If  however  the  half-sum  of  the  two  arcs  AD" 
and  BE'  ho  taken,  it  will  equal  the  true  arc,  and  therefore  correctly 
measure  tlie  angle.  Thus  if  AD'  was  19°,  and  BE'  21°,  tbw 
half  sum,  20°,  would  be  the  correct  angle. 

Three  indexes,  120°  apart,  are  sometimes  used.  They  have  th» 
advantage  of  averaging  the  unavoidable  inaccuracies  and  ineqnali 
ties  of  graduation  on  different  parts  of  the  limb,  and  thus  dinunidi 
ing  their  effect  on  the  resulting  angle. 

Four  were  used  oa  the  largo  Theodolite 
the  Enghsh  Ordnance  Survey,  two,  A  and  B, 
opposite  to  each  other,  and  two,  C  and  D,  120° 
from  A  and  from  each  other.  Tlie  Iialf-sum  or 
arithmetical  mean,  of  A  aiid  B  was  taken,  then 
the  mean  of  A,  C,  and  D,  and  then  the  mean 
of  these  two  means.     But  this  was  wrong,  for 


CHAP.  I.]  The  InstnunentSt  223 

it-  gave  too  great  value  to  the  reading  of  A,  and  also  to  B,  though 
in  a  less  degree ;  since  the  share  of  each  Vernier  in  the  final  mean 
was  as  follows :  A  ^  5,  B  =  3,  C  =  2,  D  =  2.    This  results  from 

(5  A  +  3  B  +  2  C  +  2  D). 

(335)  The  gnradnated  circle.  This  is  divided  into  three  hun- 
dred and  sixty  equal  parts,  or  Degrees,  and  each  of  these  is  sub- 
divided into  two  or  three  parts  or  more,  according  to  the  size  of  the 
instrument.  In  the  first  case,  the  smallest  division  on  the  circle  will 
of  course  be  30';  in  the  second  case  20'.  More  precise  reading,  to 
single  minutes  or  even  less,  is  effected  bj  means  of  the  Vernier  of 
the  index,  all  the  varieties  of  which  will  be  fully  explained  in  the 
next  chapter.  The  niunbers  run  from  0°  around  to  360°,  which 
number  is  necessarily  at  the  same  point  as  the  0,  or  zer(hpoint* 
Each  tenth  degree  is  usually  numbered,  each  fifth  degree  is  distin- 
guished by  a  longer  line  of  division,  and  each  degree-division  line 
is  longer  than  those  of  the  sub-divisions.  A  magnifying  glass  is 
needed  for  reading  the  divisions  with  ease.  In  the  Theodolite 
engraving  this  is  shown  at  m.  It  should  be  attached  to  each 
Vernier. 

(336)  MoTementS*  When  the  line  of  sight  of  the  telescope  is 
directed  to  a  distant  well-defined  point,  the  unaided  hand  of  the 
observer  cannot  move  it  with  sufficient  delicacy  and  precision  to 
make  the  intersection  of  the- cross  hairs  exactly  <;over  or  "bisect" 
that  point.  To  effect  this,  a  clamp,  and  a  Tangent,  or  slow-motion, 
screw  are  required.  This  arrangement,  as  applied  to  the  move- 
ment  of  the  upper,  or  Vernier  plate,  consists  of  a  short  piece  of 
brass,  D,  which  is  attached  to  the  Vernier  plate,  and  through 
which  passes  a  long  and  fine-threaded  "  Tangeninscrew,"  L  The 
other  end  of  this  screw  enters  into  and  carries  the  clamp.  This 
consists  of  two  pieces  of  brass,  which,  by  turning  the  clamp-screw 
Cy  which  passes  through  them  on  the  outside,  can  be  made  to  take 

*  In  some  instruments  there  is  another  concentric  circle  on  which  the  degrees 
are  also  numbered  from  0°  to  90«  as  on  the  compass  circle. 
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hold  of  and  pinch  tightly  the  odga  of  the  lower  circle,  which  lici 
between  thein  on  the  inside.  The  upper  circle  is  now  prevented 
from  moving  on  the  lower  one ;  for,  the  tangent-screw,  pasang 
through  hollow  screws  in  both  the  clamp  and  the  piece  D,  keep 
them  at  a  fixed  distance  apart,  so  that  they  cannot  move  to  or  inn 
one  another,  nor  consequently  the  two  circles  to  wbicli  they  m 
respectively  made  fast.  But  when  this  tangent-screw  ia  tuniedli(f 
its  miilcd-head,  it  gives  the  clamp  and  with  it  t!ie  upper  plate  a 
smooth  and  slow  motion,  backward  or  forward,  whence  it  ia  called 
the  "  Slow  motion  screw,"  as  well  as  "  Tangent-screw,"  from  tlu 
direction  in  which  it  acts.  It  ia  aln~ays  placed  at  the  aoaih  end 
of  the  compass-box. 

A  httle  different  arrangement  ia  employed  to  give  a  amilB 
motion  to  the  lower  circle  (which  we  have  hitherto  regarded  is 
immovable)  on  the  body  of  the  instrument.  Its  axis  ia  embraced 
by  a  brass  ring,  into  which  enters  another  tangent-screw,  VFiicb 
also  passes  through  a  piece  fastened  to  the  plate  P.  The  clamp- 
screw,  C,  causes  the  ring  to  pinch  and  hold  immovably  the  a^s  d 
the  lower  circle,  wliile  a  turn  of  the  Tangcnt^crew,  T,  will  slonly 
move  the  clamp  ring  itself,  and  therefore  with  it  the  lower  cinle. 
When  the  clamp  is  loosened,  the  lower  circle,  and  with  it  eveij 
thing  above  it,  has  a  perfectly  free  motion.  A  recent  inaproveinent 
b  the  employment  for  this  purpose  of  two  tangent  screws,  presaag 
ogtunst  opposite  sides  of  a  piece  projecting  from  the  clamp-ring. 
One  ia  tightened  as  the  other  is  loosened,  and  a  very  steady  mo- 
tion is  thus  obtained. 


^^^^  ia  cl 

II 


(337)  LerelSt  Since  the  object  of  the  instrument  is  t 
horizontal  angles,  the  circular  plate  on  which  they  arc 
must  itself  be  made  horizontal.  Whether  it  is  so  or  not  is  known 
by  means  of  two  small  levels  placed  on  the  plate  at  right  angles  to 
each  other.  Each  consists  of  a  glass  tube,  slightly  curved  upward 
in  its  middle  and  so  nearly  filled  with  alcohol,  that  only  a  small 
bubble  of  air  is  left  in  the  tube.  This  always  rises  to  the  hi^est 
part  of  the  tubes.  Tlioy  are  so  "adjusted"  (as  will  be  eiplwned 
ia  chapter  III)  that  when  this  bubble  of  air  is  in  the  nuddle  of 
the  tubes,  or  its  ends  equidistant  from  the  central  mark,  the  plate 
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mi  wluch  they  are  fastened  shall  be  level,  which  way  soever  it  may 
be  turned. 

The  levels  are  represented  in  the  figure  of  the  Transit,  on  page 

S12,  as  being  under  the  plate.    They  are  sometimes  placed  above 

it   In  Qisit  case,  the  Verniers  are  moved  to  one  side,  between  the 

I     fiset  of  the  standards,  and  one  of  the  levels  is  fixed  between  the 

tadards  above  one  of  the  Verniers,  and  the  other  on  the  plate  at 

Ae  nath  end  of  the  compass-box. 

(SS8)  Parallel  PlateSt    To  raise  or  lower  either  side  of  the 

einle,  so  as  to  bring  the  bubbles  into  the  centres  of  the  tubes, 

nqdres  more  gentle  and  steady  movements  than  the  unaided  hands 

eugire,  and  is  attained  by  the  Parallel  Plates  P,  P',  (so  called 

kcaose  they  are  never  parallel  except  by  accident),  and  their 

fimr  screws  Q,  Q,  Q,  Q,  which  hold  the  plates  firmly  apart,  and,  by 

bttng  tamed  in  or  out,  raise  or  lower  one  side  or  the  other  of  the 

Bpper  plate  P',  and  thereby  of  the  graduated  circle.    The  two 

phte  are  held  together  by  a  ball  and  socket  joint.     To  level  the 

los^ent,  loosen  the  lower  clamp  and  turn  the  circle  till  each 

br^  is  parallel  to  the  vertical  plane  passing  through  a  pair  of 

<9po8ite  screws.    Then  take  hold  of  two  opposite  screws  and  turn 

ftemnmultaneously  and  equally,  but  in  contrary  directions,  screw- 
Fig.  223. 


*?<*»  in  and  the  other  out,  as  shown  by  the  arrows  in  the  figures. 
A  rule  eauly  remembered  is  that  both  thumbs  must  turn  in,  or  both 
^  The  movements  represented  in  the  first  of  these  figures  would 
**"*  the  leftJiand  side  of  the  cu^le  and  lower  the  right-hand  side. 
^  Biovementa  of  the  second  figure  would  produce  the  reverse 
*ct  Care  is  needed  to  turn  the  opposite  screws  equally,  so  that 
^7  BhaU  not  become  so  loose  that  the  instrument  will  rock,  or  so 
"9^*  as  to  be  cramped.  When  this  last  occurs,  one  of  the  other  . 
1^  Aould  be  loosened. 

15 
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Somehmes  one  of  each  jiair  of  the  screivs  is  replaced  hy  a  strong 
spring  against  ivLich  tlic  remaining  screws  act. 

The  French  and  fierman  instruments  are  usually  supported br 
only  three  siffews.  In  such  cases,  one  level  is  brought  parallel  to 
one  pair  of  screws  and  levelled  by  them,  and  the  other  level  baa 
its  bubble  brought  to  its  centre  by  the  third  screw.  If  there  il 
only  one  level  on  the  instrument,  it  is  first  brought  parallel  to  oat 
pair  of  screws  and  levelled,  and  is  then  turned  one  quarter  aroimd 
so  as  to  be  perpendicular  to  them  and  over  the  third  screw,  and  "Jie 
operation  is  repeated. 


(339)  Watch  Telescope.  A  second  Telescope  is  sometimu 
attached  to  the  lower  part  of  the  instrument.  When  a  number  of 
angles  are  to  be  observed  from  any  one  station,  direct  the  upper 
and  principal  Telescope  to  the  first  object,  and  then  direct  thfl 
lower  one  to  any  other  well-defined  point.  Then  make  all  the 
desired  observations  with  the  upper  Telescope,  and  when  they  m 
finbhed,  look  again  through  the  lower  one,  to  sec  that  it  and  tiere- 
foro  the  divided  circle  has  not  been  moved  by  the  movementa  of 
the  Vernier  plate.  The  French  call  this  the  Witnegs  TeUtei^, 
(^Limette  temoiii). 

(340)  The  fompass.  Upon  the  upper  plate  is  hxed  a  compas. 
Its  use  has  been  fully  explained  in  Part  IH.  It  is  little  used  in 
connection  with  the  Transit  or  Theodolite,  which  are  so  incompara- 
bly more  accurate,  except  as  a  "  check,"  or  rough  test  of  the 
accuracy  of  tlie  angles  taken,  which  should  about  erjua!  the  diSsr- 
ence  of  the  magnetie  bearings.  Its  use  will  be  farther  noticed  io 
Chapter  IV,  on  "  Field  Work." 

(341)   Tlic  Surveyor's  Transit.     In  this   instrnraeiit  (m 

named  by  its  introducers,  Measre.  Gurloy,  and  gliown  in 
Fig.  224),  the  Vernier-plate,  which  carries  the  Btandardi 
and  telescope,  is  under  the  plate  which  carries  the  grad- 
uated circle,  and  the  compass  is  attached  to  tlie  latt«r. 
By  this  arrangement,  when  tho  Vernier  is  set  at  any  angle, 
tbo  line  of  sight  of  the  telescope  will  make  that  angle  with 
the  N.  and  S.  lines  of  the  compass.  Consequently,  this 
instrument  can  be  need  precisely  like  tho  Vernier  coutpau 
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to  allow  for  magnet- 
ic variation,  and  thus 
to  nm  out  a  line  with 
tnie  bearings,  as  in  Art. 
(312),  or  to  run  out  old 
lines,  allowing  for  the 
Becnlar  variation,  as  in 
Art.  (Ml). 

The  instrument  may 
also  be  nsed  like  the 
commonEngincer's 
Transit.  Tlio  compass, 
however,  will  tlien  not 
give  the  bearings  of  the 
lines  surveyed,  but  they 
can  easily  be  deduced 
fivm  that  of  any  one 
line. 


(542)  Conlasmomclre.  A  very  compact  m- 
Btrument  to  which  tlie  above  name  has  been 
given  in  Prance,  where  it  is  mucli  used,  is  shown 
in  the  figure.  The  upper  half  of  the  cylinder  la 
movable  on  its  lower  half.  The  observations 
may  be  taken  through  tho  shts,  as  in  the  Survey- 
or's Cross,  or  a  Telescope  may  be  added  to  it. 
Readings  may  bo  taken  both  from  the  compass, 
and  from  the  divided  edge  of  tho  lower  half  of 
the  cylinder,  by  means  of  a  Vernier  on  the 
upper  half.* 

•  Tba  prfmKi-  taro  of  inslromenti  muBt  not  be  overlooked. 
If  VBtnlihed,  lliey  ibould  bo  wiped  geully  wilh  Baa  anil 
clean  linen.  If  polralied  with  oil,  ihrj  ahoulJ  be  rubbed 
nM»e  Mionely.  The  parts  neither  varnished  nor  oiled,  should 
be  cleaned  with  8j>nni)b  white  nnd  alcobol.  Vnrnished  wood,  when  snaltiHl, 
•bonld  be  wiped  with  very  ul^  linen,  moietened  wiih  a  litilo  nlivo  oil  or  aVohol. 
t7n|iuilted  wood  i>  olesncd  with  sand-paper.  Apply  olive  oil  where  ateel  ruha 
■eaioH  bnu;  and  wtx  loflened  by  tnllow  where  bran  ruba  Rgainit  brnu.— 
Olcan  the  gtauei  wiili  kid  or  back  «kio.     Waah  them,  it  dirtied,  with  alcohol. 
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VERNIERS. 

(313)  DefiDitioili  A  Vernier  is  a  contrivance 
emaUer  portiona  of  space  thaji  those  into  which  a  line  is  actoiLllj' 
divided.  It  consists  of  a  second  line  or  scale,  movable  by  the  side 
of  the  first,  and  divided  into  equal  parts,  which  are  a  very  little 
shorter  or  longer  than  the  parts  into  which  the  first  line  is  divided. 
This  small  difference  is  the  space  which  we  are  thus  enabled  to 
measure.* 

The  Vernier  scale  is  usually  constructed  by  taking  a  length 
equal  to  any  number  of  parts  on  the  divided  line,  and  then  dividing 
this  length  into  a  number  of  equal  parts,  one  more  or  one  leaa  than 
the  number  into  which  the  same  length  on  the  ori^nal  line  is  di- 
vided. 

(311)  Illustration.  The  figure  represents  (to  tnice  the  ml 
size)  a  scale  of  inches  divided  into  tenths,  with  a  Vernier  Kite 
beside  it,  by  which  hundredths  of  an  inch  can  be  measured.    Tta 
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Vermer  b  made  by  setting  off  on  it  9  tenths  of  an  inch,  and  divid- 
ing that  length  into  10  equal  parts.  Each  space  on  the  Vemia 
13  therefore  equal  to  a  tenth  of  nine-tenths  of  an  inch,  or  to  niot- 
hundredths  of  an  inch,  and  ia  consequently  one-hundredth  of  »n 
inch  shorter  than  one  of  the  divisions  of  the  original  scale.    Tho 
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first  space  of  the  Vernier  will  therefore  fall  short  of,  or  be  over- 
lapped by,  the  first  space  on  the  scale  by  this  one-hundredth  of  an 
incli;  the  second  space  of  the  Vernier  will  fall  short  by  two-hun 
died&s  of  an  inch ;  and  so  on.  If  then  the  Vernier  be  moved  up 
by  the  side  of  the  original  scale,  so  that  the  line  marked  1  coin* 
cides,  or  forms  one  straight  line,  with  the  line  of  the  scale  which 
iras  just  above  it,  we  know  that  the  Vernier  has  been  moved  one- 
kimdredth  of  an  inch.  If  the  line  marked  2  comes  to  coincide 
with  a  line  of  the  scale,  the  Vernier  has  moved  up  two-hundredths 
df  aa  mch ;  and  so  for  other  numbers.     If  the  position  of  the 

Fig.  226. 
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Vernier  be  as  in  this  figure,  the  line  marked  7  on  the  Vernier 
corresponding  with  some  line  on  the  scale,  the  zero  line  of  the 
Vender  is  7  hundredths  of  an  inch  above  the  division  of  the  scale 
tiext  below  this  zero  line.  If  this  division  be,  as  in  the  figure, 
8  inches  and  6  tenths,  the  readhig  will  be  8.67  inches.* 

A  Vernier  like  this  is  used  on  some  levelling  rods,  being  engraved 

^^'^  the  sides  of  the  opening  in  the  part  of  ihe  target  above  its 

*niddle  Ime.     The  rod  being  divided  mto  hundredths  of  a  foot,  this 

Venuer  reads  to  thousandths  of  a  foot.     It  is  also  used  on  some 

Freud!  Mountsun  Barometers,  which  are  divided  to  hundredths  of 

&  nutre^  and  thus  read  to  thousandths  of  that  unit. 

(Hi)  General  raleSt  To  find  what  any  Vernier  reads  tOy 
*•  e.  to  determine  how  small  a  distance  it  can  measure,  observe 
^^  many  parts  on  the  original  line  are  equal  to  the  same  number 
'"'^^ased  or  diminished  by  one  on  the  Vernier,  and  divide  the 

, .  .The  ttadent  will  do  well  to  draw  aach  a  scale  and  Vernier  on  two  slips  of 
^k  paper,  and  move  one  beside  the  other  till  he  can  read  them  in  any  poisibla 
P*">«n ;  and  to  with  th«  following  Verniers. 
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length  of  a  part  on  the  orif^iiial  liae  by  this  last  number.  It  will 
give  the  required  distance.* 

To  read  any  Vernier,  firstly,  look  at  the  zero  line  of  the  Ver- 
nier, (which  13  sometimes  markecl  by  an  arrow-head),  and  tf  it 
coincides  with  iiny  division  of  tlie  scale,  that  will  be  the  eorrect 
reading,  and  the  Vernier  divlaiona  are  not  needed.  But  if,  u 
usually  happens,  the  zero  line  of  the  Vernier  comes  between  any 
two  divisions  of  the  scale,  note  the  nearest  next  less  division  w  ibe 
scale,  and  then  look  along  the  Vernier  till  yoa  como  to  some  line 
on  it  which  exactly  coincides,  or  forms  a  straight  line,  witli  some 
line  (no  matter  which)  on  the  fixed  scale.  The  number  of  fluB 
line  on  the  Vernier  (the  7th  iu  the  last  figure)  tells  that  so  toany 
of  the  sub-divisions  which  tbe  Vernier  indicates,  are  to  be  added  to 
the  reading  oF  the  entire  divisions  on  the  scale. 

When  several  lines  on  the  Vernier  appear  to  coincide  eqndly 
with  lines  of  the  scale,  take  the  middle  line. 

When  no  fine  coincides,  but  one  fine  on  the  Vernier  is  on  one 
side  of  a  line  on  the  scale,  and  the  nest  line  on  the  Vernier  is  u 
far  on  the  other  side  of  it,  the  true  reading  is  midway  between  tlioaa 
indicated  by  these  two  lines. 

(316)  Retrogrado  Vcroiersi  The  spaces  of  tlie  Vermer  a 
modem  instruments,  are  usually  each  shorter  than  those  on  the  scile, 
a  eertfun  number  of  parts  on  the  scale  being  divided  into  a  larger 
number  of  parts  on  the  Vernier. f  In  tho  contrary  case,  J  there  a 
the  inconvenience  of  being  obhged  to  number  the  lines  of  theVffl" 
nier  and  to  count  their  coincidences  with  the  lines  of  the  scale,  id 
a  retrograde  or  contrary  direction  to  that  in  which  the  numbers  on 
tho  scale  mn.    We  will  call  such  arrangements  retrograde  Verniers. 


'  In  Algebraic  languogp,  Irl  t  njual  the  length  nf  one  part  ou  the  Dtieiiiikt  Um. 
tii]rl  e  ibe  unknown  Itnglh  of  ono  putt  on  the  Vernier.  Let  m  of  the  TtinDet  — 
™  +  1  of  the  latter.     Then  ™.  =  (™  +  1)  P.         B  =  ^p^..         .-•-.. 

Ifrai=(™  — l)e,then«  — .= — '—-. 
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CS47)  Dlostratioilt  In  this  figure,  the  scale,  as  before,  repre- 
sents (to  twice  the  real  size)  inches  divided  into  tenths,  but  the 
Vernier  is  made  by  dividing  11  parts  of  the  scale  into  10  equal 

Fig.  227. 
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parts,  each  of  which  is  therefore  one-tenth  of  eleven-tenths  of  ax 
inch,  i.  e.  eleven-hondr^dths  of  an  inch,  or  a  tenth  and  a  hun* 
dredth.  Each  space  of  the  Vernier  therefore  overlaps  a  space  on 
the  scale  by  one-hundredth  of  an  inch.  The  manner  of  reading 
this  Vernier  is  the  same  as  in  the  last  one,  except  that  the  numbers 
ran  in  a  reverse  direction.     The  reading  of  the  figure  is  30.16. 

This  Vernier  is  the  one  generally  applied  to  the  common  Baro- 
meter, the  zero  point  of  the  Vernier  being  brought  to  the  level  of 
the  top  of  the  mercury,  whose  height  it  then  measures.  It  is  also 
employed  for  levelling  rods  which  read  downwards  from  the  middle 
of  the  target. 

(348)  The  figure  below  represents  (to  double  size)  the  usual 
scale  of  the  English  Mountam  Barometer.*  The  scale  is  first 
divided  into  inches.     These  are  subdivided  into  tenths  by  the 

Fig.  228. 
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Thii  figure,  and  others  in  this  chapter^  are  from  Bree's  "  Present  Practice." 


longer  lines,  ami  tlic  shortoi-  linos  again  divide  these  into  half 
tenths,  or  to  5  hundredths.  24  of  these  smaller  parts  are  set  off 
on  the  Vernier,  and  divided  into  "25  equal  parta,  each  of  tthichii 
'2i  X  .    ' 


therefore  = 


=  .048  inch,  and  is  shorter  than  s  dirisioa 


cf  the  scale  bj  .050  —  .048  =  .002,  or  two  thousandths  of  an  inci, 
a  twenty-fifth  part  of  a  dinsioa  on  tho  scale,  to  which  ininuteneas 
Ibe  Vernier  can  therefore  read,  llie  reading  in  the  6gure  is 
£0.686,  (30.65  by  the  scale  and  .036  by  the  Vernier),  the  dotted 
line  marked  D  showing  ivhere  the  coincidence  takes  place. 


(349)  Circle  divided  into  drg:rees.  Tbo  following  illoatn- 
liona  apply  to  the  measurements  of  angles,  the  circle  being  yari- 
ously  divided.  In  this  article,  the  circle  is  supposed  to  bo  divided 
into  degrees. 

If  6  spaces  on  the  Vernier  are  found  to  be  equal  to  5  on  the 
circle,  the  Vernier  can  read  to  one-sixth  of  a  space  on  the  circle, 
i.  e.  to  10'. 

If  10  spaces  on  the  Vernier  are  equal  to  9  on  tho  circle,  lie 
Vernier  can  read  to  one-tenth  of  a  space  on  the  circle,  i.  e.  to  6'. 

If  12  spaces  on  the  Vernier  are  equal  to  11  on  the  circle,  the 
Vernier  can  read  to  one-twelfth  of  a  space  on  the  circle,  i.  e.  to  6'. 
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The  above  figure  shows  such  an  arrangement.  The  index,  or 
«ero,  of  tho  Vernier  is  at  a  point  beyond  358°,  a  certain  distance, 
wliich  tho  coincidence  of  the  third  line  of  the  Vernier  (as  indicated 
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by  the  dotted  and  crossed  line)  shova  to  be  15'.  The  whole  read- 
ing is  therefore  358°  15'. 

If  20  spa«ea  on  the  Vernier  are  equal  to  19  on  the  circle,  the 
Vernier  can  read  to  one-twentieth  of  a  division  on  the  circle, 
i.  e.  to  3'.  English  compasses,  or  "  Circumferentors,"  are  some- 
times  thus  arranged. 

If  60  spaces  on  the  Vernier  are  equal  to  59  on  the  circle,  the 
Vemior  can  read  to  one-sixtieth  of  a  ^rision  on  the  circle,  i.  e.  to  1', 

(SM)  Circle  dlrldei  to  39'.     Such  a  graduation  is  a  veiy 

conuQOD  one.     The  Vernier  may  be  Tarioosly  constructed. 

Suppose  30  spaces  on  the  Vernier  to  be  equal  to  29  on  the 

29  X  30' 
circle.      Each  space  on  the  Vernier  will  be  =  — ^ —  =  29', 

■  ftnd  will  therefore  be  less  than  a  space  of  the  circle  by  1',  to  which 
the  Vernier  will  then  read. 


The  above  figure  shows  f^  arrangement.  The  reading  is  0°, 
or  360". 

In  the  following  figure,  the  dotted  and  crossed  line  shows  what 
dirinona  coincide,  and  the  reading  is  20°  10';  the  Vernier  being 
the  same  as  in  the  preceding  figure,  and  its  lero  bemg  at  a  point 
i^lhe  circle  10'  beyond  20°. 
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In  the  foUowmg  figure,  the  reading  is  20°  40',  the  iadci  being 
at  a  point  beyond  20°  30',  and  the  additional  space  being  8him 
by  the  Vernier  to  bo  10'. 

Fig.  832. 
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Sometimes  30  spaces  on  the  Vernier  are  equal  to  81  on  the  circle. 

-Biich  B-paxe  on  the  Vernier  will  therefore  be  =  — -- —  ;=  31',  and 

wiU    be  longer  than  a  space  on  the  circle  by  1',  to  which  it  will 
therefore  read,  as  in  the  last  case,  but  the  Vernier  will  be  "  retro- 
grade."    Thia  b  the  Vernier  of  the  compass.  Fig.  148,     The  pecu- 
liu"  manner  in  which  it  is  there  applied  is  shown  in  Fig.  239. 
*f   15  spaces  on  the  Vernier  are  equal  to  16  on  the  circle,  each 


»31  therefore  read  to  2'. 


13 


<L351)   Circle  dlrldcl  to  20'.      If  20  spaces  on  the  Vernier 
"f^  equal  to  19  on  the  circle,  each  space  of  the  latter  will  be  ^ 

— -^ —  =  19',  and  the  Vernier  will  read  to  20'  — 19'  =  1'. 

If  40  spaces  on  the  Vernier  are  equal  to  41  on  the  circle,  each 
41  X  20' 


Space  on  the  Vernier  will  be 

Hier  will  therefore  read  to  20j'  — 


grade. 


=  20^' ;  and  the  Ver- 

iO".     It  will  be  retro- 
In  the  following  figure  the  reading  is  360°,  or  0°  ;  and  it 


will  be  seen  that  the  40  spaces  on  the  Vernier  (numbered  to  whole 
miaates)  are  equal  to  13°  40'  on  the  limb,  i.  e.  to  41  spaces,  eack 
of  20'. 

Fig.233. 
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If  60  spaces  on  the  Vernier  are  equal  to  59  on  the  circle,  each 
of  the  former  will  be  =  — ^ —  =  19'  40",  and  the  Vernier 
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mil  thcreforc  read  to  20'  — 19'  40"  =  20".  The  foUoimg  6go-^ 
shows  such  an  arrangement.  The  readmg  m  that  position  wij*^ 
be  40"  46'  20". 

Fig.  234. 
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(S53)   Circle  divided  to  10'.     If  GO  spaces  on  the  Vernier  bo 

equal  to  59  on  the  Umb,  the  Vernier  wUl  read  to  10".     In  the 

following  figure,  t!ie  reading  is  T"  25'  40",  the  reading  on  the 

circle  being  7°  20',  and  the  Vernier  showing  the  returning  space 

[    to  be  5' 40". 

Fig.  23B. 


(3ii)  Readin?  Itaf  kivards,     ^Vhcn  an  index  carrying  a  Ver- 

I        O'er  is  moved  liuukwarJ.s,  or  in  a  contrary  direction  to  that  in 

which  the  numbers  on  the  circle  run,  if  we  wish  to  read  the  space 

^luch  it  has  passed  over  in  this  direction  from  the  zero  point,  the 

Vender  must  be  read  backwards,  (i.  e.  the  highest  number  be 

^^ti  0),  or  its  actual  reading  must  be  subtracted  from  the  value 

™  tte  smallest  space  on  the  circle.    The  reason  is  plain ;  for, 

*jOce  the  Vernier  shows  how  far  flie  index,  moving  in  one  direc- 

*^i  has  gone  past  one  division  line,  the  distance  which  it  is  from 

^*>&  next  division  line  (which  it  may  be  supposed  to  have  passed, 

**Wviug  in  a  contrary  direction),  will  be  the  difference  between  the 

"fading  and  the  value  of  one  space. 

Thus,  in  Rg.  229,  page  232,  the  reading  is  358"  15'.    But, 
^iniing  backwards  from  flie  360°,  or  zero  point,  it  is  1°  45'. 
^ftntion  on  this  point  is  particularly  necessary  in  using  small 
&e8  of  deflection  for  railroad  curves. 
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(355)  Arc  of  excess,  On  the  sextant  and  simikr  instai- 
menta,  the  divisiona  of  the  limb  are  carried  onwai-d  a  short  disbuw 
beyond  the  zero  point.  This  portion  of  the  Umb  is  called  the  "Am 
of  exoeas,"  When  tlie  index  of  the  Vernier  points  to  tiiis  arc,  fln 
reading  must  he  made  as  explained  \n  the  last  article.  Tbia,iD 
the  figure,  the  readbg  on  the  arc  from  tJie  zero  of  the  limb  to  tin 
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zero  of  the  Vernier  is  4°  20',  and  something  more,  and  the  resding 
of  the  Vernier  fi-om  10  towards  to  the  right,  where  the  lines  cat 
cide,  is  3'  20",  (or  it  is  10'  —  B'  40"  =  3'.  20"),  and  the  entiw 
reading  is  therefore  4°  23'  20", 

(356)  Double  Verniers.  To  avoid  the  inconveniences  of  reiS- 
ing  backwards,  double  Verniers  are  sometimes  used.  The  fignn 
below  shows  one  apphed  to  a  Transit.     Each  of  the  Vemiera  u 


ike  tilie 


Teralen. 


described  in  Art.  (350),  Figa.  230,  231,  and  232. 
lOim  the  degreea  are  coanted  to  the  left,  or  as  the  numbers  run, 
l>*BiiBaal,  the  lefUiand  Vernier  ia  to  be  read,  as  in  Art.  (350) ; 

iMtvhen  the  degreea  are  counted  to  the  right,  from  the  360°  line, 

4e  li^t-hand  Vernier  b  to  be  used. 

(UT)  CtHpass-Ternieri     Anotlier  form  of  double  Yemier, 
ofien  ippUed  to  tbe  compass,  is  shown  in  the  following  figure,    ^e 

FiR.  239. 
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^  is  dirided  to  half  degreea,  and  the  Vernier  reada  to  minutes, 
'"  pMta  on  it  being  equal  to  31  on  the  limb.  But  the  Vernier  is 
"''7  half  as  long  aa  in  the  previous  case,  going  only  to  15',  the 
"t^r  figures  on  one  half  being  a  sort  of  continuation  of  the  lower 
^Sdies  on  the  other  half.  Thus  in  moving  the  index  to  the  right, 
'sad  the  l<mer  figures  on  the  left  hand  Vernier  (it  being  retro 
^^e)  at  any  coincidence,  when  the  epace  passed  over  is  less  than 
r-^' ;  but  if  it  be  more,  read  the  upper  figures  on  the  right  hand 
' 'mier ;  and  vice  versa. 


CHAPTER  m. 
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ADJCSTMEKTS. 

(3fS)  The  purposes  for  which  the  Transit  and  Theodolite  (as  TreQ 
as  m(»t  surveying  and  astronomical  instruments}  arc  to  be  need, 
require  and  presuppose  certain  parts  and  lines  of  the  instrument 
to  be  placed  in  certiun  directions  with  respect  to  others ;  these  rc- 
specldve  directions  being  usunllj  parallel  or  perpendicular.  Such 
arrangements  of  their  parts  are  called  their  AtlJustrnenU,  Tho 
same  word  is  also  applied  to  placing  these  lines  in  these  directions. 
In  the  following  explanations  the  operations  which  determinfl 
■whether  these  adjustments  are  correct,  will  bo  called  their  Veriji' 
cations  ;  and  the  making  them  right,  if  thej  are  not  so,  their  ^* 

(359)  In  observations  of  horizontal  angles  with  the  Transit  or 
the  Theodolite,!  it  i^  required, 

1°  That  the  circular  plates  shall  be  horizontal  in  whatevemy 
they  may  be  turned  around. 

2°  That  the  Telescope,  when  pointed  forward,  shall  look  in  pifr 
cisely  the  reverse  of  its  direction  when  pointed  backward,  i.  e,  thit 
its  two  lines  of  sight  (or  lines  of  collimation)  forward  and  back- 
ward shall  lie  in  the  same  plane. 

3°  That  the  Telescope  in  turning  upward  or  downward,  stull 
move  in  a  truly  vertical  plane,  in  order  that  the  angle  measured 
between  a  low  object  and  a  high  one,  may  be  precisely  tho  same 
as  would  be  the  angle  measured  between  the  low  object  and  a  point 
exactly  under  the  high  object,  and '  in  the  same  horizontal  plane  as 
the  low  one. 

*  It  Ima  been  well  laici,  tlmi  "  In  ihe  rreient  atsle  of  Klence  il  may  be  llU 
down  as  n  itiaiim.  that  every  inMrtiinenl  ihould  be  so  conlriTcd,  tUnt  ibe  oba«mf 
mny  eaiily  examine  and  recliry  liio  iirincipnl  paria ;  fur,  however  corefiil  lli* 
ol-mnkcr  way  bt,  however  perfect  (be  eieculioo  thereof,  it  U  not  poMt- 
my  iiiBlniiuent  ishould  long  reoiBin  Bccurately  fixed  iu  the  poiiliini  id 
came  out  of  the  maker's  hands." — Adami  "  Geomtlrieid  and  GraziM 
1791. 
Theodolite  adJABtmentB  which  relato  o 
Anglet,  will  not  be  here  diicuued. 
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We  shall  see  that  all  these  adjustments  are  finally  resolvable 
into  these ;  1st.  Making  the  vertical  axis  of  the  instrument  perpen- 
dicular to  the  plane  of  the  levels ;  2d.  Making  the  line  of  collima- 
tion  perpendicular  to  its  axis ;  and  3d.  Making  this  axis  parallel 
to  the  plane  of  the  levels.  They  are  all  best  tested  by  the  invalu- 
able principle  of  "  Reversion." 

We  have  now,  firstly,  to  examine  whether  these  things  art  so, 
that  is,  to  ^^  verify"  the  a(^'ustment8 ;  and,  secondly,  if  we  find  that 
they  are  not  so,  to  make  them  so,  i.  e.  to  "  rectify,"  or  "  adjust"  them 
correctly.  The  above  three  requirements  produce  as  many  corre- 
sponding adjustments. 

(SM)  First  aiUnstmeiit.  To  catise  the  circle  to  be  horizontal 
in  every  position^ 

Verification. — Turn  the  Vernier  plate  which  carries  the  levels, 
till  one  of*  them  is  parallel  to  one  pair  of  the  parallel  plate 
screws.  The  other  will  then  be  parallel  to  the  other  pair.  Bring 
each  bubble  to  the  middle  of  its  tube,  by  that  pair  of  screws  to 
wluch  it  is  parallel.  Then  turn  the  vernier  plate  half  way.  around, 
i.  e.  till  the  index  has  passed  over  180^.  If  the  bubbles  remain 
in  tlie  centres  of  the  tubes,  they  are  in  adjustment.  If  either  of 
tihem  runs  to  one  end  of  the  tube,  it  requires  rectification. 

Rectification. — The  fault  which  is  to  be  rectified  is  that  the 
plane  of  the  level  (i.  e.  the  plane  tangent  to  the  highest  pomt  of 
the  level  tube)  is  not  perpendicular  to  the  vertical  axis,  AA  in 
Sgure  214,  on  which  the  plate  turns.    For,  let  AB  represent  this 

Fig.  240.  Fig.  241. 


B-— :i 
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plaae,  seen  edgeways,  and  CD  the  centre  line  of  the  vertical  axis, 

This  appliet  eqaally  to  the  Transit  and  the  Theodolite. 

16 
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which  is  here  drawn  as  making  an  acute  angle  with  this  plane 
on  the  right  hand  side.     The  first  figure  represents  the  bubble 
brought  to  the  centre  of  the  tube.     The  second  figure  represend 
the  plate  turned  half  around.     The  centre  line  of  the  axis  is  sap^ 
posed  to  remain  unmoved.     The  acute  angle  will  now  be  on  the 
left  hand  side,  and  the  plate  will  no  longer  be  horizontal.     Conse- 
quently the  bubble  will  run  to  the  higher  end  of  the  tube.    The 
rectification  necessary  is  evidently  to  raise  one  end  of  the  tube  and 
lower  the  other.     The  real  error  has  been  doubled  to  the  eye  by 
the  reversion.    Half  of  the  motion  of  the  bubble  was  caused  by  tlie 
tangent  plane  not  being  perpendicular  to  the  axis,  and  half  by  this 
axis  not  being  vertical.     Therefore  raise  or  lower  one  end  of  the 
level  by  the  screws  which  fasten  it  to  the  plate^  till  the  babble 
comes  about  half  way  back  to  the  centre,  and  then  bring  it  quite 
back  by  turning  its  pair  of  parallel  plate  screws.     Then  again 
reverse  the  vernier  plate  180**.     The  bubble  should  now  remain  in 
the  centre.     If  not,  the  operation  should  be  repeated.    The  same 
must  be  done  with  the  other  level  if  required.     Then  the  bubbles 
will  remain  in  the  centre  during  a  complete  revolution.    His 
proves  that  the  axis  of  the  vernier  plate  is  then  vertical ;  and  as 
it  has  been  fixed  by  the  maker  perpendicular  to  the  plate,  th«     | 
latter  must  then  be  horizontal. 

It  is  also  necessary  to  examine  whether  the  bubbles  remain  '^ 
the  centre,  when  the  divided  circle  is  turned  round  on  its  a^ 
If  not,  the  axes  of  the  two  plates  are  not  parallel  to  each  otk®^* 
The  defect  can  be  remedied  only  by  the  maker ;  for  if  the  bubb*-** 
be  altered  so  as  to  be  right  for  this  reversal,  they  will  be  wT^^® 
for  the  vernier  plate  reversal 

(361)  Second  a<Uastmentt     To  cause  the  line  of  collimatiof^ 
revolve  in  a  plane.* 

Verification.     Set  up  the  Transit  in  the  middle  of  a  level  pi< 
of  ground,  as  at  A  in  the  figure.    Level  it  carefully.    Set  a  sta^  ^^ 
with  a  nail  driven  into  its  hiead,  or  a  chain  pin,  as  far  from  ^^-^ 
instrument  as  it  is  distinctly  visible,  as  at  B.     Direct  the  telesco^ 

1  bi8  adjufitment  is  not  the  same  in  the  Transit  and  in  the  Theodolite, 
for  the  Transit  will  be  first  given,  and  that  for  the  Theodolite  in  the  next  articl 


OKiP.  III.] 


AdjnstmentSi 


243 
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to  it,  and  fix  the  intersection  of  the  cross-hairs  very  precisely  upon 
it.  Clamp  the  instroment.  Measure  from  A  to  B.  Then  turn 
over  ihe  telescope,  and  set  another  stake  at  an  equal  distance  from 
the  Transit,  and  also  precisely  in  the  line  of  sight.  If  the  line  of 
coUimation  has  not  continued  in  the  same  plane  during  its  half-revo- 
lution,  this  stake  will  not  be  at  E,  but  to  one  side,  as  at  0.  To 
discover  the  truth,  loosen  the  clamp  and  turn  the  vernier  plate  half 
around  without  touching  the  telescope.  Sight  to  B,  as  at  first,  and 
si^gain  clamp  it.  Then  turn  over  the  telescope,  and  the  line  of  sight 
win  strike,  as  at  D  in  the  figure,  as  &r  to  the  right  of  the  point,  as 
it  did  before  to  ite  left. 

Ji^ctification.  The  fault  which  is  to  be  rectified,  is  that  the  line 
of  colliination  of  the  telescope  is  not  perpendicular  to  the  horizontal 
*^M  on  which  the  telescope  revolves.  This  will  be  seen  by  the 
figures,  which  represent  the  position  of  the  lines  in  each  of  the  four 

A 
^^'   2-«.  B  • ^ -V 
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tions  which  have  been  made.  In  each  of  the  figures  the 
"^^  *iUck  line  represents  the  telescope,  and  the  short  one  the  axis 
^  ^Mch  it  turns.    In  Rg.  243  the  line  of  sight  is  durected  to  B. 


i 
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In  Fig.  244  tlie  telescope  has  been  turned  over,  and  witl  it  tit 
axis,  BO  tliat  the  obtuse  auglc,  marked  0  in  the  first  figure,  hH 
taken  the  place,  0',  of  the  acute  angle,  and  the  telescope  points  to 
C  instead  of  to  E.  In  Fig,  245  the  vernier  plate  has  been  taioi 
half  around  so  as  to  point  to  E  again,  and  the  same  obtuse  u^ 
has  got  around  to  0".  In  Fig,  246  the  telescope  has  been  (WMJ 
over,  the  obtuse  angle  is  at  0'",  and  the  telescope  now  points  toll. 

To  make  the  line  of  coUImatioa  perpendicnlor  to  the  aiis,  dn 
former  must  have  ita  direction  changed.  Tins  b  effected  bjow 
ing  the  vertical  Lair  the  proper  distance  to  one  side.  Aiwu 
explained  in  Art.  (330),  and  represented  in  Fig.  217,  the  cro» 
hairs  are  on  a  ring  held  by  four  screws.  Bj  loosening  the  letl- 
band  screw  and  tightening  the  rightrhand  one,  the  ring,  tmi  «iti 
it  the  cross-hairs,  will  be  drawn  to  the  right ;  and  vice  veria.  Two 
holes  at  right  angles  to  each  other  pass  through  tbo  outer  hcaJi  of 
the  screws.  Into  these  holes  a  stout  steel  wire  is  inserted,  Un 
the  screws  can  thus  be  turned  around.  Screws  so  made  are  eM 
"  capstan-headed."  One  of  the  other  pair  of  screws  maj  need* 
be  loosened  to  avoid  strainmg  the  threads.  In  some  French  iustn^ 
ments,  one  of  each  pair  of  screws  is  replaced  by  a  spring. 

To  find  how  much  to  move  this  vertical  hair,  measure  from  C  to 
D,  Fig.  242,  page  243.  Set  a  stake  at  the  middle  point  E,  anJ 
set  another  at  tbo  point  F,  midway  between  D  and  E.  Hon  iw 
vertical  htur  till  the  line  of  sight  strikes  F.  Then  the  instnaneni 
is  adjusted ;  and  if  the  line  of  sight  be  now  directed  to  E,  it  ™ 
strike  B,  when  the  telescope  is  turned  over ;  since  the  hw  " 
moved  half  of  the  doubled  orror,  DE.  The  operation  will  ff"^ 
rally  require  to  he  repeated,  not  being  quite  perfected  at  first. 

It  should  be  remembered,  that  if  the  Telescope  used  does  W» 
rnvert  objecta,  its  eye-piece  will  do  so.     Consequently,  with  siK" 
telescope,  if  it  seems  tliat  the  vertical  hiur  should  be  moved  to  * 
left,  it  must  be  moved  to  the  right,  and  rice  versa.    An  invef'*'* 
telescope  does  not  invert  the  cross-hairs. 

K  the  young  surveyor  has  any  doubts  as  to  the  perfection  w  "^ 
rectification,  be  may  set  another  stake  exactly  under  the  instruJ**'" 
by  means  of  a  plumb-line  suspended  from  its  centre ;  and  theOi 
like  manner,  set  his  Transit  over  B  or  E.     lie  will  find  that 
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other  two  stakes,  A  and  the  extreme  one,  are  in  the  same  strai^t 
line  with  his  instrument. 

In  some  instruments,  the  horizontal  axis  of  the  telescope  can  be 
taken  out  of  its  supports,  and  turned  over,  end  for  end.  In  such 
a  case,  the  line  of  sight  may  be  directed  to  any  well  defined  point, 
and  the  axis  then  taken  out  and  turned  over.  K  the  line  of  sight 
again  strikes  the  same  point,  this  line  is  perpendicular  to  the  axis. 
If  not,  the  apparent  error  is  double  the  real  error,  as  appears  from 
the  figures,  the  obtuse  angle  0  commg  to  0',  and  the  desired  per- 

Fig.  247.   B* ^2 ^ 


Fig.  248.  B  • VJ-Vrr:: 

c ^--- '^ 

pendicular  line  falling  at  C  midway  between  B  and  B\  The  rec- 
tification may  be  made  as  before ;  or,  in  some  large  instruments,  in 
which  the  telescope  is  supported  on  Ys?  by  moving  one  of  the  Y^ 
laterally. 

(S(2)  The  Theodolite  must  be  treated  differently,  since  its  tele- 
scope does  not  reverse.  One  substitute  for  this  reversal,  when  it 
is  desired  to  range  out  a  line  forward  and  backward  from  one  sta- 
tion, is,  after  sighting  in  one  direction,  to  take  the  telescope  out  of 
the  Yb  fti^d  turn  it  end  for  end,  to  sight  in  the  reverse  direction. 
This  it  can  be  made  to  do  by  adjusting  its  line  of  collimation  as 
explained  in  the  last  article.  Another  substitute  is,  after  sighting 
in  one  direction,  and  noting  the  reading,  to  turn  the  vernier  plate 
around  exactly  180^.  But  this  supposes  not  only  that  the  graduar 
tion  is  perfectiy  accurate,  but  also  that  the  line  of  collimation  is 
exactly  over  the  centre  of  the  circle.  To  test  this,  after  sighting 
to  a  poiiit,  and  noting  the  reading,  take  the  telescope  out  of  the 
ys  and  turn  it  end  for  end,  and  then  turn  the  vernier  plate 
around  exactly  180^.  K  the  line  of  sight  again  strikes  the  same 
point,  the  latter  condition  exists.    If  not,  the  maker  must  remedy 
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the  defect.     This  error  of  eccenbicitj  is  similar  to  that  ez{da]ii« 
with  respect  to  the  compass,  in  the  latter  part  of  Art.  (22C}. 

(363)  Third  a4Jnstme]it«     To  cause  the  line  of  coUimation  U 

revolve  in  a  vertical  plane  * 

Verification,  Suspend  a  long  plumb-line  from  some  high  pomi 
Set  the  instrument  near  this  line,  and  lerel  it  carefuUj.  Bired 
the  telescope  to  the  plumb-line,  and  see  if  the  intersection  of  tiie 
cross-hairs  follows  and  remains  upon  this  line,  when  the  telescope 
is  turned  up  and  down.     K  it  does,  it  moves  in  a  vertical  plane. 

The  angle  of  a  new  and  well-built  house  will  fcrm  an  imperfect 
substitute  for  the  plumb-line. 

Otherwise ;  the  instrument  being  set  up  and  levelled  as  above, 
place  a  basin  of  some  reflecting  liquid  (quicksilver  being  the  best, 
though  molasses,  or  oil,  or  even  water,  will  answer,  though  less  pe^ 
fectly,)  so  that  the  top  of  a  steeple,  or  other  point  of  a  high  object, 
can  be  seen  in  it  through  the  telescope  by  reflection.     Make  the 
intersection  of  the  cross-hairs  cover  it.     Then  turn  up  the  tele- 
scope, and  if  the  intersection  of  the  cross-hairs  bisects  also  Ae 
object  seen  durectly,  the  line  of  sight  has  moved  in  a  vertical  plane. 
If  a  star  be  taken  as  the  object,  the  star  and  its  reflection  viD  be 
equivalent  (if  it  be  nearly  over  head)  to  a  plumb-line  at  least  fi% 
million  million  miles  long. 

Otherwise ;  set  the  instrument  as  close  as  possible  to  the  base 
of  a  steeple,  or  other  high  object;  level  it,  and  direct    Fig-249 
it  to  the  top  of  the  steeple,  or  to  some  other  elevated        V* 
and  well  defined  point.     Clamp  the  plates.    Turn  down 
the  telescope,  and  set  up  a  pin  in  the  ground  pre- 
cisely "  in  line."     Then  loosen  the  clamp,  turn  over 
the   telescope,   and   turn  it  half-way  around,  or  so        I 
far  as   to   again   sight  to   the  high  point.      Clamp       I 
the  plates,  and  again  turn  down  the  telescope.     K       I 
the  line  of  sight  again  strikes  the  pin,  the  telescope     L^^^ 
has  moved  in  a  vertical  plane.     K  not,  the  apparent  ^  ^ 
error  is  double  the  real  error.     For,  let  S  be  the  top  of  the  steepl^t 

•  This  applies  to  both  the  Transit  and  the  Theodolite,  with  the  exception  of  tb« 
method  of  verification  by  the  steepl«»  and  pin,  which  applies  only  to  the  Transit 
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(ESg.249)  and  F' the  pin ;  then  the  plane  in  which 
the  telescope  moves,  Been  edgewisejiaSP';  and, 
aAer  being  turned  aronnd,  the  line  of  sight 
moTM  in  the  plane  SP",  as  far  to  one  side  of 
the  Tertical  plane  SP,  aa  SP'  was  on  the  other 
ade  of  it. 

SecUfication.  Since  the  second  adjustment 
emses  the  line  of  u^t  to  move  in  a  plane  per- 
pendicQlar  to  the  a^  on  which  it  turns,  it  will 
Bore  in  a  vertical  plane  if  that  axis  be  hori- 
aantal.  It  ma;  be  made  bo  by  filing  off  the 
feet  of  the  standards  which  support  the  higher 
end  rf  the  axis.  This  will  bo  best  done  by  the 
maker.  la  some  instrumenta  one  end  of  the 
Das  can  be  nused  or  lowered. 


(IM)  CeRlrii^  eye-piecG.  In  some  in- 
■tniments,  aach  as  that  of  which  a  lon^tudinal 
notion  is  shown  in  the  margin,  the  inner  end 
<i  the  eje-piece  may  be  moved  so  that  the 
ciiiwhairs  shall  be  seen  precisely  in  the  ccn- 
k*ef  its  field  of  view.  This  is  done  by  means 
rffour  screws,  arranged  in  purs,  like  those  of 
™  cross-hmivring  screws,  and  capable  of  mov- 
»g  the  eye-pieco  up  and  down,  and  to  right 
w  left,  by  loosening  one  and  ^ghtening  the 
''Pponteone.  Two  of  them  are  shown  at  A,  A, 
*o  the  figure ;  in  which  B,  B,  are  two  of  the 
^fOBMiair  screws. 


,   (W)  CentrlDg  ot!}ect-glaS9.      In    some 

itatnmients  four  screws,  similarly  arranged, 
tfo  of  wluch  are  shown  at  C,  C,  cao  move,  in 
•By  direction,  the  inner  end  of  the  slide  which 
Canies  the  object-glass.  The  necessity  for 
nch  an  arrangement  arises  from  the  impose* 
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bility  of  drawing  a  tube  perfectly  straight.  Conseqaentlj,  the 
line  of  coUtmation,  when  the  tube  is  drawn  in,  will  not  coincide  with 
the  Bame  line  when  tbe  tube  is  pushed  out.  If  adjusted  for  od« 
powtion,  it  Vill  therefore  be  wrong  for  the  other.  These  screira, 
however,  can  make  it  right  in  both  positions.     The;  are  used  ai 

follo^TB. 

Sight  to  eomo  well  defined  point  as  far  off  as  it  can  be  distinctl/ 
Been.  Then  revolve  the  telescope  half  around  in  its  supports; 
i.  e.  turn  it  upside  down.'  If  the  line  of  coUimation  waa  not  in 
the  imaginary  axis  of  the  rings  or  collars  on  which  the  telescope 
resta,  it  will  now  no  longer  bisect  the  object  sighted  to.  Thus, 
if  the  horizontal  hair  was  too  high,  as  in  Fig.  251.  tua  line  of 


eolJiniation  would  point  at  first  to  A,  and  after  being  turned  0Ter,ii 
would  point  to  E.  Tlie  error  is  doubled  by  the  reversion,  und  it 
ehould  point  to  C,  midway  between  A  and  B.  Make  it  do  so,  by  m 
screwing  the  upper  capstan-headed  screw,  and  screwing  in  the  loirer  ' 
one,  till  the  horizontal  hair  is  brought  half  way  back  to  the  pwnL 
Remember  tliat  in  an  erecting  telescope,  the  cross-hairs  are  reversed, 
and  vice  verta.  Bring  it  the  rest  of  the  way  by  means  of  'ho 
parallel  plato  screws.  Then  revolve  it  in  the  Ys  back  to  its  orig- 
inal position,  and  see  if  the  intersection  of  the  cross-hairs  nw 
bisects  the  point,  as  it  should.  If  not,  again  revolve,  and  repeit 
the  operation  till  it  is  perfected.  If  the  vortical  hair  passes  to  the 
right  or  to  the  left  of  the  point  when  the  telescope  is  turned  half 
around,  it  must  ho  adjusted  in  the  same  manner  by  the  other  par 
of  cross-hairs  screws.  One  of  these  adjustments  may  disturb  the 
other,  and  they  should  be  repeated  alternately.  When  they  ire 
perfected,  the  intersection  of  t!ie  cross-hairs,  when  once  fixed  <»  I 
point,  will  not  move  from  it  when  the  telescope  is  revolved  in  its 

111  TliMdciliiM,  Ihe  TBieKHpe  is  revolved  in  ilie  Y». 
by  wliuin  tliii  adjugtinpnt  it  neiiolly  ]iprfi>i-me<l,  revol 
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supports.  This  double  operation  is  called  adju%ting  the  line  of 
coUimation.* 

This  line  is  now  adjusted  for  distant  objects.  It  would  bo  so  for 
near  ones  also,  if  the  tube  were  perfectlj  straight.  To  test  this, 
sight  to  some  point,  as  near  as  is  distinctly  visible.  Then  turn  the 
telescope  half  over.  K  the  intersection  does  not  now  bisect  the 
point,  bring  it  half  way  there  by  the  screws  C,  C,  of  Fig.  250, 
moving  only  one  of  the  hairs  at  a  time,  as  before.  Then  repeat 
the  former  adjustment  on  the  distant  object.  If  this  is  not  quite 
perfect,  repeat  the  operation. 

This  adjustment,  in  instruments  thus  arranged,  should  precede 
the  first  one  which  we  have  explained.  It  is  usually  performed 
by  the  maker,  and  its  screws  are  not  visible  in  the  Transit,  being 
enclosed  in  the  ball  seen  where  the  telescope  is  connected  with 
the  cross-bar.  i 

All  the  adjustments  should  be  meddled  with  as  little  as  possible, 
lest  the  screws  should  get  loose ;  and  when  once  made  right  they 
ahoold  be  kept  so  bj^  careful  usage. 

*  This  "adjustment  of  the  line  of  collimation"  has  merely  bron^ht  the  intersec- 
tioo  of  the  cross-hairs  (which  fixes  the  line  of  si^ht)  into  the  line  joining  the  cen* 
tret  of  the  collars  on  which  the  telescope  tarns  m  the  Ys ;  but  the  maker  is  sup- 
posed to  have  originally  fixed  the  optical  axis  of  the  telescope  (i.  e.  the  line  joining 
tlio  optical  centres  of  the  glasses),  m  the  same  line. 

f  The  adjustment  of  **  Centring  the  object-glass  is  the  invention  of  Messrsi 
Gorlcy,  of  Troy. 
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THE  FIELD-WORK. 

(366)  To  niPasurc  a  horlzoolal  angle.  Set  up  the  mstrumcQt 
BO  that  its  centre  shiill  be  t''S-  -^s. 

exactly  over  the  angu- 
lar point,  or  in  the  in- 
tersection of  the  two 
lines  whose  difFercnce  of 

direction  la  to  be  measured;  as  at  B  in  the  figure,  A  plm 
line  mu3t  he  suspended  from  under  the  centre.  Dropping  a 
stone  is  an  imperfect  substitute  for  this.  Set  the  instroment 
so  that  its  loicer  parallel  plate  may  he  as  nearly  horizontal  u 
possible.  The  levels  will  serve  as  guides,  if  the  four  parallet-i^ 
screws  be  first  so  screwed  up  or  down  that  equal  lengths  of  them 
shall  be  above  tlie  upper  plate.  Then  level  tJie  instrument  carfr 
fully,  as  in  Art.  (338).  Direct  the  tcleacope  to  a  rod,  stake, « 
other  object,  A  in  the  figure,  on  one  of  the  hues  wbicli  form  d« 
angle.  Tighten  the  clamps,  and  by  the  tangent^erew,  (see  Ait 
(3S6)),  move  the  telescope  so  that  tlie  intersection  of  the  cros- 
h^rs  shall  very  precisely  bisect  this  object.  Note  the  reading  i^ 
the  vernier,  aa  e.xplajned  in  the  preceding  chapter.  Then  looses 
the  clamp  of  the  vernier,  and  direct  the  telescope  on  the  other  Bne 
(as  to  C)  precisely  as  before,  and  again  read.  The  difference  of 
the  two  readings  will  be  the  desired  angle,  ABC,  Thus,  if  tiw 
first  reading  had  been  40°  and  the  last  190°,  the  angle  would  be 
150".  If  the  vernier  had  passed  3G0°  in  tumuig  to  the  second 
object,  360°  should  be  added  to  the  last  reading  before  subtract- 
ing. Thus,  if  the  first  reading  had  been  300°,  and  the  last  reid- 
ing  00°,  tho  angle  would  be  found  by  calling  tlie  last  reading,  u 
it  really  is,  360°  -|-  90"  =  450°,  and  then  subtracting  300°. 

It  13  best  to  sight  first  to  the  lefl  hand  object  and  then  to  flte 
right  band  ono,  turning  "  with  the  sun,"  or  like  Uie  hands  of  a 
wateh,  since  the  numbering  of  the  degrees  usually  runs  in  that 
direction. 
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It  is  convenient,  though  not  necessary,  to  begin  by  setting  the 
Vernier  at  zero,  by  the  upper  movement  (that  of  the  vernier  plate 
^Ji  the  circle)  and  then,  by  means  of  the  lower  motion,  (that  of 
^6  \rhole  instrument  on  its  axis),  to  direct  the  telescope  to  the  first 
^t)ject.  Then  fasten  the  lower  clamp,  and  sight  to  the  second 
^j^Qt  as  before.  The  reading  will  then  be  the  angle  desired. 
-An  objection  to  this  is  that  the  two  verniers  seldom  read  alike.* 
After  one  or  more  angles  have  been  observed  from  one  point, 
telescope  must  be  directed  back  to  the  first  object,  and  the 
^^^iing  to  it  noted,  so  as  to  make  sure  that  it  has  not  slipped. 
A  watch-telescope  (see  Art.  339)  renders  this  unnecessary. 

The  error  arising  from  the  instrument  not  being  set  precisely 
^JQT  the  centre  of  the  station,  will  be  greater  the  nearer  the  object 
*^ghte<i  to.  Thus  a  difference  of  one  inch  would  cause  an  error  of 
^y  S^'  in  the  apparent  direction  of  an  object  a  mile  distant,  but 
^^  of  nearly  3'  at  a  distance  of  a  hundred  feet. 

(367)  Reduction  of  hiji^h  and  low  objects.  When  one  of  the 
^'O^cta  sighted  to  is  higher  than  the  other,  the  "  plunging  tele- 
8cop^»  of  these  instruments  causes  the  angle  measured  to  be  the 
^^  horizontal  angle  desired ;  i.  e.  the  same  angle  as  if  a  point 
•^^tly  under  the  high  object  and  on  a  level  with  the  low  object 
v^^  vice  versa)  had  been  sighted  to.  For,  the  telescope  has  been 
^^ed  to  move  in  a  vertical  plane  by  the  3d  adjustment  of  Chap- 
^^  H,  and  the  angle  measured  is  therefore  the  angle  between  the 
^^rtical  planes  which  pass  through  the  two  objects,  and  which 

project"  the  two  lines  of  sight  on  the  same  horizontal  plane. 
^Ihas  constitutes  the  great  practical  advantage  of  these  instru- 
ments over  those  which  are  held  in  the  planes  of  the  two  objects 
^^served,  such  as  the  sextant,  and  the  "  circle"  much  used  by  the 
-^^nch. 

^  *  The  learner  will  do  well  to  ^ango  bis  own  precision  and  that  of  tlio  instruicent 
^^sd  be  may  rest  assured  that  bis  own  will  be  the  one  chiefly  in  fault)  b^  measar- 
^^{J,  from  any  station,  the  angles  between  successive  points  all  around  him,  till  he 
§]J^  back  to  the  first  point,  beginning  at  difierent  parts  of  the  circle  for  each  angle, 
^<ie  sum  of  aU  these  angles  should  exactly  equal  3G0*.  He  will  probably  find 
^(^to  a  difference  from  that. 
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(368)  niotalion  of  ansles.  The  angles  observed  may  U 
noted  in  varioiia  ways.  Tlius,  the  observation  of  the  angle  ABC, 
in  Tig.  252,  may  bo  noted  "  At  B,  from  A  to  C,  160°,"  or  better, 
"  At  B,  between  A  and  C,  ISO","     In  column  form,  this  becomts 

Between  All50°]and  C. 
At  !  B  I 
■^Vlien  the  vernier  had  been  aet  at  zero  before  sighting  to  the 
first  object,  and  other  objects  were  then  sighted  to,  those  objects, 
the  readings  to  which  were  less  than  ISO",  will  be  on  the  left  of 
the  first  line,  and  those  to  which  the  readings  were  more  than 
180°,  will  be  on  its  right,  looking  in  the  direction  in  wliich  the  sur- 
vey is  proceeding,  from  A  to  B,  and  so  on.* 

(369)  Probable  error.  AVhen  a  number  of  separate  olwen-a- 
tions  of  an  angle  have  been  made,  the  mean  or  average  of  tliem  all, 
(obtained  by  dividing  tlio  sum  of  the  readings  by  their  number,) 
is  taken  as  the  true  reading.  The  "  Probable  error"  of  this  mean, 
is  the  quantity,  (minutes  or  seconds)  which  is  such  that  there  is  u 
even  chance  of  the  real  error  being  more  or  less  than  it.  Thna, 
if  ten  measurements  of  an  angle  gave  a  mean  of  85"  18',  and  it 
was  an  equal  wager  that  the  error  of  this  result,  too  much  or  too 
little,  was  half  a  minute,  then  half  a  minute  would  he  the  "  ProbaUe 
error"  of  this  determination.  This  probable  error  b  equal  to  tbs 
square  root  of  the  sum  of  the  squares  of  the  errors  (i.  e,  the  diffw- 
ences  of  each  observation  from  the  mean)  divided  by  the  amnbei 
of  observations,  and  multiplied  by  the  decimal  0.674489. 

The  same  result  would  bo  obtained  by  using  what  is  called 
"  The  weight"  of  the  observation.  It  is  equal  to  the  square  of 
the  number  of  observations  divided  by  twice  the  sum  of  the  squares 
of  the  errors.  The  "  Probable  error"  is  equal  to  0.476936  divided 
by  the  square  root  of  tho  weight.  These  rules  are  proved  by  th« 
"Theory  of  Probabilities," 

(370)  To  repeat  an  angle.  Begin  as  m  Art.  (366),  aa 
measure  the  angle  as  there  directed.  Then  unclamp  bolow, 
and  turn  tlie  circle  around  till  the  telescope  is  again  directed  to 
the  first  object,  and  made  to  bisect  it  precisely  by  the  lower  taih 

*  Tbis  ii  very  UBefal  in  preventing  Bay  nnibiguily  !□  lUe  fioUl-nom 
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gent  screw.  Then  unclamp  above  and  turn  the  vernier  plate  till 
the  telescope  again  points  to  the  eecond  object,  the  first  reading 
remaining  unchanged.  The  angle  lyill  now  have  been  measured  a 
second  Ume,  but  on  a  part  of  the  circle  adjoining  that  on  which  it 
was  first  measured,  the  second  arc  beginning  where  the  first  ended. 
The  difference  between  the  first  and  last  readings  will  therefore  be 
twice  the  angle. 

This  operation  may  be  repeated  a  third,  a  fourth,  or  any  num- 
ber of  times,  always  turning  the  telescope  back  to  the  first  object 
hj  the  Icnvcr  movement,  (so  as  to  start  with  the  reading  at  wliich 
die  preceding  observation  left  off)  and  turning  it  to  the  second 
object  by  the  upper  movement.  Take  the  difference  of  the  first 
and  last  readings  and  divide  by  the  number  of  observations. 

The  advantage  of  this  method  is  that  the  errors  of  obgervatio-it 
(i.  e.  sighting  sometimes  to  the  right  and  sometimes  to  the  left  of 
the  true  point)  balance  each  other  in  a  number  of  repetitions; 
Trhile  the  constant  error  of  graduation  is  reduced  in  proportion  to 
this  number.  This  beautiful  prin''iiile  has  some  imperfections  in 
practice,  probably  arising  from  the  slipping  and  straining  of  the 
chimps. 

(371)  Angles  of  deOcclion.  Tlie  angle  of  deflection  of  one 
line  from  another,  is  the  i'"is-  -^3. 

angle  which  one  line 
makes  with  the  other 
line  produced.  Thus,  in 
the  figure,  the  angle  of 
deflection  of  BC  from 
AB,  is  B'BC.     It  is  evidently  the  supplement  of  the  angle  ABC. 

To  measure  it  with  the  Transit,  set  the  instrument  at  B,  direct 
the  telescope  to  A,  and  then  turn  it  over.  It  will  now  point  in  the 
direction  of  AB  produced,  or  to  B',  if  the  2d  adjustment  of  Chapter 
H,  has  been  performed.  Note  the  reading.  Then  direct  the 
telescope  to  C.  Note  the  new  reading,  and  their  difference  will 
be  the  required  angle  of  deflection,  B'BC, 

If  the  vernier  be  set  at  zero,  before  taking  the  first  observation, 
the  readings  for  objects  on  the  right  of  the  first  line  will  be  less  than 
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180",  and  more  tban  180'  for  objecta  on  the  left ;  conversely  "* 
Art.  (368). 

(372)  Line  surveying.  Tho  survey  of  &  line,  such  as  a  ttmM 
Slc,  can  be  made  by  the  Theodolite  or  Transit,  with  great  precise- 
ion  ;  measuring  the  angle  which  each  line  makes  with  the  preced- 
ing line,  and  noting  their  lengths,  and  the  necessary  offeete  on  each 
Bide, 

Short  lines  of  sight  should  be  avoided,  since  a  slight  inaccuracy 
m  setting  the  centre  of  the  instrument  exactly  over  or  under  the 
point  previously  sighted  to,  would  then  much  affect  tho  angle,  88 
noticed  at  close  of  Art.  (366).  Very  great  accuracy  can  be  ob- 
tained by  using  three  tripods.  One  would  be  set  at  the  first  sta- 
tion and  sighted  back  to  from  the  instrument  placed  at  the  second 
station,  and  a  forward  sight  be  then  taken  to  tlic  third  tripod  placed 
at  the  third  station.  The  instrument  would  then  he  set  on  this 
third  tripod,  a  back  sight  taken  to  the  tripod  rcmainmg  on  Uie  se- 
cond station,  and  a  foresight  taken  to  the  tripod  brought  from  the 
tirst  station  to  the  fourth  station ;  to  which  the  instrument  is  next 
taken :  and  so  on.     Tiiis  is  especially  valuable  in  surveys  of  mines. 

The  field-notes  may  be  taken  aa  directed  in  Chapter  IH  of  Com- 
pass SuiTeying,  pages  149,  &c.,  the  angles  taking  the  place  of 
the  Bearings.  The  "  Checks  by  intersecting  Bearings,"  explained 
in  Art.  (246), should  also  be  employed.  The  angles  made  on  each 
side  of  the  stations  may  both  be  measured,  and  the  equality  of  thrar 
sum  to  360°,  would  at  once  prove  tho  accuracy  of  the  work. 

If  the  magnetic  Bearing  of  any  one  of  the  lines  he  ^ven,  and 
that  of  any  of  the  other  lines  of  the  scries  be  required,  it  can  bo 
deduced  by  constructing  a  diagram,  or  by  modifications  of  tho  rules 
^ven  for  the  reverse  object,  in  Art.  (245). 

(873)  Trarcrsing: :  Or  SnrTeying  by  the  back-anfrlc.    This  is 

a  method  of  obserring  and  recording  the  different  directions  of  snc- 
ccsaive  portiot^  of  a  line,  (such  as  a  road,  the  boundaries  of  &  farm, 
&c.,)  so  as  to  read  off  on  tho  instrument,  at  each  station,  the  angle 
vhich  each  lino  makes — not  with  the  preceding  lino,  but — with  th« 
first  lino  observed.  This  lino  is,  therefore,  called  tho  meridian  of 
that  survey. 
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Setup  the  instrament  at  the  first  angle,  or  second  station,  (B, 
in  (lie  fignre},  of  the  tine  to  be  surrejed.  Sight  to  A  and  then  to 
C.  Clamp  the  vernier,  and  take  the  instrument  to  C.  Loosen 
ttM  lover  clamp,  and  direct  the  telescope  to  B,  the  reading  remaiiH 
ing  as  it  v&a  at  B.  Clamp  below,  loosen  above,  and  sight  to  D. 
Ha  reading  of  &xe  instrument  vrill  be  the  angle  which  the  line  CD 
nakes  with  the  first  line,  or  Meridian,  AB. 

l!ile  the  instrument  to  D.  Sight  back  to  C,  and  then  forward 
ioEi  as  before  directed,  and  the  reading  of  the  instrument  will  be 
^  uglfl  winch  DE  makes  with  AB. 

00  pniceed  for  any  nnmber  of  tinea. 

^en  the  Traudt  is  used,  the  angles  of  deflection  of  each  line 
fron  the  first,  oht^ed  by  reversing  the  telescope,  may  be  used  in 

■Lnvening,"  and  with  much  advantage  when  the  successive 
""^  do  not  differ  greatly  in  their  directiona. 

The  Borvey  represented  in  the  figure, 
is  recorded  in  the  first  of  the  accompa- 
nying Tables,  as  observed  with  the  The- 
odolite ;  and  in  the  second  Table,  as 
observed  with  the  Transit. 

-t^e  chief  advantage  of  this  method  is  its  greater  rapidity  in  the 

.^  and  in  platting,  the  angles  being  all  Ifud  down  from  one  meri- 

^'^t  as  in  Compass-suirveying.     This  also  increases  the  accuracy 

the  plat,  since  any  error  m  the  direction  of  one  line  does  not 

^©ct  the  directions  of  the  foUowing  lines.* 

^374)  Use  of  the  Conpass.  The  chief  use  of  the  Compass 
^*ched  to  a  Transit  or  Theodotite,  is  as  a  check  on  the  observa- 
'^^'s ;  for  the  difierence  between  the  magnetic  Bearings  of  any 
take  cire  elwa^i  to  read  Ihe  degrea  from  the 
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two  lines  aliould  be  the  same,  approximatelj,  as  the  angle  between 
them,  measured  by  the  more  accurate  instruments.  The  Beuiiij 
also  prerents  any  ambiguity,  as  to  whether  an  angle  vas  taken  to 
the  right  or  to  the  left. 

The  instrument  may  also  be  used  like  a  wmple  compass,  the  tele- 
scope taking  the  place  of  the  sights,  and  requiring  similar  teats  of 
accuracy.  A  more  precise  way  of  taking  a  Bearing  is  to  torn  the 
plate  to  which  the  compass  box  is  attached,  till  the  needle  points 
to  zero,  and  note  the  reading  of  the  vernier ;  then  sight  to  ^e 
object,  and  again  read  the  vernier.  The  Bearing  will  thus  be 
obttuned  more  minutely  titan  the  divisions  on  tlic  compass  Iwx 
could  ^ve  it. 

(375)  nicasnriDg  distances  Willi  a  telescope  and  ro4>    Ob 

the  cross-hair  ring,  described  in  Art.  (330),  stretch  two  more  hori- 
zontal spider-threads  at  equal  distances  above  and  below  the  oiigK 
nal  one  ;  or  all  may  be  replaced  by  a  plate  of  thin  Fig^jss. 
glass,  placed  precisely  in  the  focus,  with  the  necessary 
lines,  as  in  the  figure,  etched  by  fluoric  acid.  Let  a 
rod,  10  or  15  feet  long,  he  heldup  at  1000  feet  off,  and 
let  there  be  marked  on  it  precisely  the  length  which 
the  distance  hetiTCcn  two  of  these  lines  covers.  Let  this  be  Bul)i- 
vided  as  minutely  as  the  spaces,  painted  alternately  white  and 
red  and  numbered,  can  be  seen.  If  ten  subdivisions  are  made, 
each  will  represent  a  distance  of  100  feet  off,  and  so  on.  Con- 
tinue these  divisions  over  the  whole  length  of  the  rod.  Il  is  ww 
ready  for  use.  The  French  call  it  a  stadia.  AVhcn  it  is  held  op 
ait  any  unknown  distance,  the  number  of  divisions  on  it  intercepted 
between  the  two  lines,  will  indicate  the  distance  with  conaderable 
precision.     It  should  be  tested  at  various  distances. 

A  "  Levelling-rod,"  divided  into  feet,  tenths  and  hundredths, 
may  ho  used  as  a  stadia,  with  less  convenience  but  more  prcdri^i. 
Experiments  must  previously  determine  at  what  distances  the 
space  between  the  lines  in  the  telescope  covers  one  foot,  &c.  Then, 
at  any  unknown  distance,  let  the  sliding  "  target"  of  the  rod  be 
moved  till  one  line  bisects  it,  and  its  place  on  the  rod  he  read  off; 
let  the  target  he  then  moved  so  that  the  other  line  bisects  it  and  lei 
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its  place  be  agiun  noted.  Then  the  required  distance  will  bo  equal  to 
the  diSerence  of  the  readings  on  the  rod,  in  feet,  multiplied  by  the 
distance  at  which  a  foot  was  intercepted  between  the  lines. 

One  of  the  horizontal  hairs  may  be  made  movable,  and  its  dis- 
tance from  the  other,  when  the  space  between  them  exactly  covers 
an  object  of  known  height,  can  be  very  precisely  measured  by 
counting  the  number  of  turns  and  fractions  of  a  turn,  of  a  screw 
by  which  this  movable  hair  is  raised  or  lowered.  A  simple  pro* 
portion  will  then  ^ve  the  dbtance. 

On  sloping  ground  a  double  correction  is  necessary  to  reduce 
&e  slope  to  the  horizon  and  to  correct  the  oblique  view  of  the  rod. 
The  horizontal  distance  is,  in  consequence,  approximately  equal  to 
the  observed  distance  multiplied  by  the  square  of  the  cosine  of  the 
slope  of  the  ground. 

The  latter  of  the  above  two  corrections  will  be  dispensed  with 
by  holding  the  rod  perpendicular  to  the  line  of  sight,  with  the  aid 
of  a  right  angled  triangle,  one  side  of  which  comcides  with  the  rod 
at  the  height  of  the  telescope,  and  the  other  side  of  which  adjoining 
the  right  angle,  is  caused,  by  leaning  the  rod,  to  point  to  the  telo- 
scope. 

Other  contrivances  have  been  used  for  the  same  object,  such  as 
a  Binocular  Telescope  with  two  eye-pieces  inclined  at  a  certam 
angle;  -a  Telescope  with  an  object-glass  cut  into  two  movable 
parts;  &;c. 

(37S)  Rangillg  oat  lines*  This  is  the  converse  of  Surveying 
Knes.  The  instrument  is  fixed  over  the  first  station  with  great 
precision,  its  telescope  being  very  carefully  adjusted  to  move  in  a 
vertical  plane.  A  series  of  stakes,  with  nails  driven  in  their  tops, 
or  otherwise  well  defined,  are  then  set  in  the  desired  line  as  far 
as  the  power  of  the  instrument  extends.  It  is  then  taken  forward 
to  a  stake  three  or  four  from  the  last  one  set,  and  is  fixed  over  it, 
&r8t  by  the  plumb  and  then  by  sighting  backward  and  forward  to 
the  first  and  last  stake.  The  line  is  then  continued  as  before.  A 
good  object  for  a  hmg  sight  is  a  board  painted  like  a  target,  with 
black  and  white  concentric  rings,  and  made  to  slide  in  grooves  cut 
in  the  tops  of  two  stakes  set  in  the  groimd  about  in  the  line.     It 
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is  moved  till  the  vertical  hair  bisects  the  circlea  (wlucli  the  ej< 
can  determine  -with  great  precision)  and  a  plumb-line  dropped  fccn 
their  centre,  givea  the  place  of  the  stake.  "  Mason  k  Visaa't 
IJne"  waa  thua  ranged. 

It  a  Transit  bo  used  for  ran^g,  ita  "  Second  Adjustment*'  ii 
most  important  to  ensure  the  accuracy  of  the  reversal  of  its  Tde- 
scope.  If  a  Theodolite  he  used,  the  line  is  continued  bj  tuiiuag 
the  vernier  180°,  or  by  rcversmg  the  telescope  in  its  Y^)  ^  fO^Mi 
in  Arts.  (325)  and  (362). 

(S77)  Farm  Survefing,  &c,  A  large  farm  can  be  most  easily 
and  accurately  surveyed,  by  measuring  the  angles  of  its  mmn  boDn- 
darica  (and  a  fow  mam  diagonals,  if  it  be  very  large,)  with  a  The- 
odolite or  Ti-ansit,  as  in  Arta.  (366)  or  (371),  and  filling  up  the 
interior  details,  aa  fences,  &c.,  with  the  Compass  and  Chain. 

If  the  Theodolite  ho  used,  Fig-  -Sfi, 

keep  the  field  on  the  left 
hand,  as  in  following  the  or- 
der of  tbo  letters  in  this 
figure,  and  turn  (he  telescope 
around  "  with  the  sun,"  and 
the  Mglcs  meaaurcd  aa  in  d<I 
Art.  (366),  will  be  the  interior  angles  of  the  field,  aa  noted  in  tht 
Sgurc. 

The  accuracy  of  the  work  will  be  proved,  aa  alluded  to  in 
Art.  (257),  if  the  sum  of  all  the  interior  angles  be  equal  to  the  pro- 
duct of  180°  by  the  number  of  sides  of  the  figure  lesa  two,  Thu 
in  the  figure,  the  sum  of  all  the  interior  anglea  =  540°  =  180*  X 
(5 —  2).  Tho  sum  of  the  exterior  angles  would  of  course  eqml 
180"  X  (5 +2)  =  1260°. 

If  the  Transit  be  used,  the  farm  should  be  kept  on  the  right 
hand,  and  then  the  angles  measured  will  bo  the  sujiplemcnts  of  tbe 
interior  angles.  If  the  angles  to  the  right  be  called  poaiVi-e,  snJ 
those  to  the  left  negative,  their  algcbrtuc  sum  should  equal  360°. 

If  the  boundary  lines  be  surveyed  by  "  Traversing,"  as  in  Art. 
(373),  the  reading,  on  getting  back  to  the  last  station  and  looking 
back  to  the  first  lino,  should  be  300',  or  0°. 
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The  content  of  any  surface  surveyed  by  "  Traversmg  "  with  the 
Transit  can  be  calculated  by  the  Traverse  Table,  as  in  Chapter 
YI,  of  Part  m,  by  the  following  modification.  When  the  angle 
of  deflection  of  any  side  from  the  first  side,  or  Meridian,  is  less  than 
90",  call  this  angle  the  Bearing,  find  its  Latitude  and  Departure, 
ui  caU  iiiem  both  plus.  When  the  angle  is  between  90^  and 
180°,  call  the  difference  between  the  ang^e  and  180^  the  Bearing, 
ind  caU  its  Latitude  mintis  and  its  Departure  plus.  When  the 
an^e  is  between  180''  and  270'',  call  its  difference  from  180''  the 
Bearing,  and  call  its  Latitude  minus  and  its  Departure  minus. 
Wh^  ihe  angle  is  more  than  270^,  call  its  difference  from  860*^ 
fte  Bearing,  and  call  its  Latitude  plus  and  its  Departure  minus. 
Iben  use  these  as  in  getting  the  content  of  a  GompassHSurvey. 
The  ngos  of  the  Latitudes  and  Departures  follow  those  of  the 
eosmes  and  ones  in  the  successive  quadrants. 

Tovm-Surveying  would  be  performed  as  directed  in  Art.  (261), 
robBtituting  "  angles"  for  "  Bearings."  "  Traversing"  is  the  best 
method  in  all  these  cases. 

^Mtceessible  areas  would  be  surveyed  nearly  as  in  Art.  (131), 
except  that  the  angles  of  the  lines  enclosing  the  space  would  be 
^"^^Mred  with  the  instrument,  instead  of  with  the  chain. 

(S78)  Plattil^^t  Any  of  these  surveys  can  be  platted  by  any 
^  the  methods  explmed  and  characterized  in  Chapter  IV,  of  the 
preceding  Part.  A  circular.  Protractor,  Art.  (2*4),  may  be 
jegwded  as  a  Theodolite  placed  on  the  paper.  "  Platting  Bear- 
"^j'Art.  (265)9  can  be  employed  when  the  survey  has  been 
*»ade  by  «  Traversing."  But  the  method  of  "  Latitudes  and  De- 
'•^ttes,"  Art.  (285),  is  by  far  tiie  most  accurate. 


PART  V, 


TRIANGULAR  SURVEYING 

OR 

By  the  Fourih  Method. 

(879)  Trianqdlar  Suhvgyinq  is  founded  on  the  Fourth  Method 
of  determioing  the  poaition  of  a  point,  by  the  intersoctioik  of  tiro 
known  lines,  as  given  in  Art.  (8)-  By  an  cstension  of  the  peine* 
plo,  a  field,  a  farm,  or  a  country,  can  bo  surveyed  by  measonB' 
only  one  lino,  and  calculating  all  the  other  desired  distances,  which  are 
made  sides  of  a  connected  series  of  imaginary  Triangles,  whose 
angles  are  carefully  measured.  The  district  surveyed  is  coveitd 
with  a  sort  of  net-work  of  such  triangles,  whence  the  name  given  to 
this  kind  of  Surveying.  It  is  more  commonly  called  "  Trigonome- 
trical Surveying;"  and  sometimes  "  Geodesic  Surveying,"  bnt  im- 
properly, since  it  does  not  necessarily  take  into  account  the  ciwr- 
ature  of  the  earth,  though  always  adopted  in  the  great  surreys  in 
which  that  is  considered. 

(380)  Onllinc  of  operations.  A  base  line,  as  long  as  poasblc, 
(5  or  10  miles  in  surveys  of  countries),  is  measured  with  cxtmne 
accuracy. 

From  its  cxtrenuties,  angles  are  taken  to  the  most  distant  objects 
viaible,  such  as  steeples,  signals  on  mounkun  tops,  &c. 

The  distances  to  these  and  between  these  are  then  calculated  by 
the  rulea  of  Trigonometry. 

The  instrument  is  then  placed  at  each  of  these  new  stations,  Bod 
angles  are  taken  from  them  to  still  more  distant  statdons,  the  calca- 
lated  lines  being  used  as  new  base  lines. 

This  process  is  repeated  and  extended  till  the  whole  district  ia 
embraced  by  these  "  primary  triangles  "  of  as  large  sides  as  possible- 
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One  side  of  the  last  triangle  is  so  located  that  its  length  can  be 
obtained  by  measurement  as  well  as  bj  calculation,  and  the  agree- 
ment of  the  two  proves  the  accuracy  of  the  whole  work. 

Within  these  primary  triangles,  secondary  or  smaller  triangles 
are  formed,  to  fix  the  position  of  the  minor  local  details,  and  to 
serve  as  starting  points  for  common  surveys  with  chain  and  com- 
pass, &c.     Tertiary  triangles  may  also  be  required. 

The  larger  triangles  are  first  formed,  and  the  smaller  ones  based 
on  them,  in  accordance  with  the  important  principle  in  all  survey- 
ing operations,  always  to  work  from  the  whole  to  the  parts,  and  from 
greater  to  less. 

Each  of  these  steps  will  now  be  considered  in  turn,  in  the 
following  order : 

1.  The  Base ;  articles  (381),  (382). 

2.  The  Triangulation ;  articles  (383)  to  (390). 

8.  Modifications  of  the  method;  articles  (391)  to  (395). 

(381)  Measuring  a  BasCt  Extreme.accuracy  in  this  is  neces- 
sary, because  any  error  in  it  will  be  multiplied  in  the  subsequent 
work.  The  ground  on  which  it  is  located  must  be  smooth  and  nearly 
level,  and  its  extremities  must  be  in  sight  of  the  chief  points  in  the 
neighborhood.  Its  point  of  beginning  must  be  marked  by  a  stone 
sot  in  the  ground  with  a  bolt  let  into  it.  Over  this  a  Theodolite 
or  Transit  is  to  be  set,  and  the  line  '^  ranged  out"  as  directed  in 
Art.  (376).  The  measurement  may  be  made  with  chains,  (which 
should  be  formed  like  that  of  a  watch,)  &c.  but  best  with  rods.  We 
will  notice  in  turn  their  Materials^  SupportSy  Alinementj  Levelling^ 
and  Contact. 

As  to  Materiahj  iron,  brass  and  other  metals  have  been  used, 
but  are  greatly  lengthened  and  shortened  by  changes  of  tempera- 
ture. Wood  is  affected  by  moisture.  Glass  rods  and  tubes  are 
preferable  on  both  these  accounts.  But  wood  is  the  most  conve- 
nient. Wooden  rods  should  be  straight-grained  white  pine,  &c. ; 
well  seasoned,  baked,  soaked  in  boiling  oil,  painted  and  varnished. 
They  may  be  trussed,  or  framed  like  a  mason's  plumb-line  level,  to 
prevent  their  bending.  Ten  or  fifteen  feet  is  a  convenient  length. 
Three  are  required,  which  may  be  of  different  colors,  to  prevent 
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EUBtakes  in  recordmg.  They  must  be  very  carefully  compand 
-with  a  standard  measure. 

Su^orta  must  be  provided  for  the  rods,  in  accurate  work, 
Foste  set  in  line  at  distances  equal  to  the  length  of  tlie  rods,  maj 
be  driven  or  sawed  to  a  uniform  line,  and  the  rods  laid  on  tiicm, 
either  directly,  or  on  beams  a  little  shorter.  Tripods,  or  trestSes, 
with  screws  in  their  tops  to  raise  or  lower  the  ends  of  the  rodj 
resting  on  them,  or  blocks  with  tliree  long  screws  passing  throDgh 
them  and  serring  as  legs,  may  aJso  be  usfc.1.  Staves,  or  legs,  for 
the  rods  have  been  used ;  those  legs  bearing  pieces  which  can  slide 
up  and  down  them  and  on  which  the  rods  themselves  rest. 

The  Alinement  of  the  rods  can  be  effect«d,  if  they  are  Imd  on 
the  ground,  by  strings,  two  or  three  hundred  feet  long,  stretched 
between  the  stakes  set  in  the  line,anotched  peg  being  driven  whea 
the  measurement  has  reached  the  end  of  one  string,  which  is  tien 
taken  on  to  the  next  pair  of  stakes ;  or,  if  the  rods  rest  on  supports, 
by  projecting  points  on  the  rods  being  alined  by  the  instruniont. 

The  Levelling  of  the  rods  can  be  performed  with  a  common 
mason's  level ;  or  their  angle  measured,  if  not  horizontal,  by  ■ 
"  alope-Ievel." 

The  Cantacti  of  tho  rods  may  be  o&ected  by  bringing  them  end 
to  end.  The  third  rod  must  be  applied  to  the  second  before  the 
first  has  been  removed,  to  detect  any  movement.  The  ends  roust 
be  protected  by  metal,  and  should  be  rounded  (with  radius  eqnil 
to  length  of  rod}  so  as  to  touch  in  only  one  point.  Kound-headed 
nails  will  answer  tolerably.  Better  are  small  steel  cylinders,  hori- 
zontal on  one  end  and  vertical  on  the  other.  Sliding  ends,  with 
verniers,  have  been  used.  If  one  rod  be  higher  than  tho  next  one, 
one  must  he  brought  to  touch  a  plumb-lme  which  touches  the  other, 
and  its  thickness  be  added.  To  prevent  a  shock  from  contact,  the 
rods  may  be  brought  not  quite  in  contact,  and  a  wedge  be  let  down 
between  them  till  it  touches  both  at  known  points  on  its  graduated 
edges.  The  rods  may  be  laid  side  by  side,  and  lines  drawn  across 
the  end  of  each  be  made  to  coincide  or  form  one  line.  This  is  more 
accurate.  Still  better  is  a  "  visual  contact,"  a  double  microscope 
with  cross-liairs  being  used,  so  placed  that  one  tube  blsecla  &  doi 
ftt  the  end  of  one  rod,  and  tlie  other  tube  bbects  a 


one  tube  blsecla  adat     H 
bbects  a  dot  at  t^^^^H 
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of  the  next  rod.    The  rods  thus  never  touch.    The  distance 
between  the  two  sets  of  cross-hairs  is  of  course  to  be  added. 

A  Base  could  be  measured  over  very  uneven  ground,  or  ever 
water,  by  suspending  a  series  of  rods  from  a  stretched  rope  by 
rings  in  which  they  can  move,  and  levelUng  them  and  bringing 
them  into  contact  as  above. 

C382)  Corrections  of  Base.  If  the  rods  were  not  level,  their 
length  must  be  reduced  to  its  horizontal  projection.  This  would 
be  the  square  root  of  the  difierence  of  the  squares  of  the  length  of 
ike  rod  (or  of  the  base)  and  of  the  height  of  one  end  above  the 
^ther ;  or  the  product  of  the  same  length  by  the  cosine  of  the 
angle  which  it  makes  with  the  horizon.* 

K  the  rods  were  metallic,  they  would  need  to  be  ccrrected  for 
temperature.  Thus,  if  an  iron  bar  expands  yiyg^ooo  of  i^  length 
for  1°  Fahrenheit,  and  had  been  tested  at  32**,  and  a  Base  had  been 
measured  at  72°  with  such  a  bar  10  feet  long,  and  found  to  contaii 
3000  of  them,  its  apparent  length  would  be  30,000  feet,  but  iti 
real  length  would  be  8.4  feet  more.  An  iron  and  a  brass  ba 
can  be  so  combined  that  the  difference  of  their  expansion. 
causes  two  points  attached  to  their  ends  to  remain  at  the  sami 
distance  at  all  temperatures.  Such  a  combination  is  used  on 
the  TJ.  S.  Coast  Survey. 

(383)  Choice  of  Stations.  Th^  stations,  or  '^  Trigonometrical 
points,"  which  are  to  form  the  vertices  of  the  triangles,  and  to  be 
observed  tc  and  from,  must  be  so  selected  that  the  resulting  trian- 
gles may  be  '*  well-conditioned,"  i.  e.  may  have  such  sides  and  angles 
that  a  small  error  in  any  of  the  measured  quantities  will  cause  the 
least  possible  errors  in  the  quantities  calculated  from  them.  The 
Ugher  Calculus  shows  that  the  triangles  should  be  as  nearly  equi- 
lateral as  possible.  This  is  seldom  attainable,  but  no  angle  should 
be  admitted  less  than  30°,  or  more  than  120°.t 

•  More  precisely,  A  being  this  angle,  and  not  more  than  2®  or  3^,  the  difier 

0Dce  between  the  inclined  and  horizontal  lengths,  equals  the  inclined  or  real 

length  multiplied  by  the  square  of  the  minutes  in  A,  and  that  by  the  decimal 

'0.00000004231 ;  as  shewn  in  Appendix  D.     In  a  Geodesic  survey,  the  base  would 

also  be  required  to  be  reduced  to  the  level  of  the  sea. 

t  When  two  angles  only  are  observed,  as  is  often  the  case  in  the  secontlar^ 
triar^lation,  the  unobserved  angle  ought  to  bo  nearly  a  right  angle. 
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To  extend  Hie  trianfftilation,  by  continually  increasing  tlie  sidea 
of  the  triangles,  without  introducing  "ill-conditioned"  trian^esi 
may  be  effected  as  in  the  figure.    AB  is  the  measured  base. 

Fig.  257. 


G  and  D  are  the  nearest  stations.  In  the  triangles  ABC  and  ABD, 
all  the  angles  being  observed  and  the  side  AB  known,  the  other 
sides  can  be  readily  calculated.  Then  in  each  of  the  triangles 
DAC  and  DBG,  two  sides  and  the  contained  angles  are  given  to  find 
DG,  one  calculation  checking  the  other.  DG  then  becomes  a  base 
to  calculate  EF ;  which  is  then  used  to  find  GH ;  and  so  on. 

The  fewer  primary  stations  used,  the  better ;  both  to  prevent 
confusion  and  because  the  smaller  number  of  triangles  makes  the 
correctness  of  the  results  more  "  probable." 

The  United  States  Goast  Survey,  under  the  superintendence  of 
Prof.  A.  D.  Bache,  displays  some  fine  illustrations  of  these  princi- 
ples, and  of  the  modifications  they  may  undergo  to  suit  various 
localities.  The  figure  on  the  opposite  page  represents  part  of  the 
scheme  of  the  primary  triangulation  resting  on  the  Massa- 
chusetts base  and  including  some  remarkably  well-conditioned 
triangles,  as  well  as  the  system  of  quadrilaterals  which  is  a  valuable 
feature  of  the  scheme  when  the  sides  of  the  triangles  are  extended 
to  considerable  lengths,  and  quadrilaterals,  with  both  diagonals 
determined,  take  the  place  of  simple  triangles. 

The  engraving  is  on  a  scale  of  1 :  1200,000. 


lilT-'-T 
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(381)  Si)^nals.  They  must  be  high,  conspicuous,  and  eo  a 
diat  the  uistrumeut  can  he  placed  precisely  under  them. 

Three  or  four  timhera  framed  into  a  *■"'£■  ^9. 

pyramid,  as  in  the  figure,  with  a  long  maat 
projecting  ahove,  fulfil  the  first  and  last 
conditioDB.  The  mast  may  be  made  verti- 
cal by  directing  two  theodolitea  to  it  and  ad- 
justing it  80  that  tlieir  telescopes  follow  it 
up  and  down,  their  lines  of  sight  being  at 
right  angles  to  each  other.  Guy  ropea 
may  bo  used  to  keep  it  vertical, 

A  very  excellent  signal,  used  on  the  JIassacbusetts  State  Sorw 
by  Mr.  Borden,  is  represented  in  the  three  foUowing  figuree.  '. 
Fig.  2G0.  Fig.  2Gi.  Fif;.  SW  J 


consists  merely  of  three  stout  sticks,  which  form  a  tripod,  framed 
with  the  signal  staff,  by  a  bolt  passing  through  their  ends  and  ita 
middle.  Fig,  200  represents  the  signal  a^  framed  on  the  ground; 
Fig,  261  shews  it  erected  and  ready  for  observation,  its  base  being 
steadied  with  stones ;  and  Fig.  262  ahewa  It  with  the  staff  tornad 
aside,  to  make  room  for  the  Theodolite  and  ita  pro-  i 
tectiog  tent.  The  heights  of  these  signals  varied  be- 
tween 15  and  80  feet. 

Another  good  signal  consists  of  a  stout  post  let  into 
the  ground,  with  a  mast  fastened  to  it  by  a  bolt  below 
and  a  collar  above.  By  openmg  the  collar,  the  mast 
can  be  turned  down  and  the  Theodolite  set  exactly  ~ 
under  the  former  summit  of  the  signal,  i.  e.  in  its  verti- 
cal axis,  t_J    ; 

Signals  should  have  a  height  equal  to  at  least  tJou  of  tLeir  dw- 
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tBDce,  80  as  to  snbtond  an  angle  of  half  a  minute,  Tihich  expo- 
nence  has  shown  to  be  the  leaat  allowable. 

To  make  the  tope  of  the  signal-masts  conspicuous,  flags  may  bo 
tiiUched  to  them ;  white  and  red,  if  to  be  seen  against  the  ground, 
md  red  and  green  if  to  be  seen  against  the  sky.'  The  motion  of 
hff  renders  them  viable,  when  much  larger  motionlesB  objects 
utnot.  But  they  are  oseless  in  cahn  weather.  A  disc  of  sheet- 
km,  with  a  hole  iii  it,  b  reiy  conspicuous.  It  should  he  arranged 
u  u  to  be  turned  to  face  each  station.  A  bsjrel,  formed  of  mus- 
k  tpim  together  four  or  five  feet  long,  with  two  hoops  in  it  two 
leetipart,  and  its  loose  ends  sewn  to  the  signal-staff,  which  passes 
Sinugh  it,  is  a  chcoip  and  good  arrangement.  A  tuft  of  pine  bougha 
bitcned  to  the  top  of  the  staff,  will  be  well  seen  ogEunst  the  sky. 

h  sunshine,  a,  number  of  pieces  of  tin  ntuled  to  the  staff  at  dif> 
ierent  augles,  will  be  very  conspicnous.  A  truncated  cone  of 
Imnuahed  tin  will  reflect  the  sun's  rays  to  the  eye  in  almost  every 
^tion.  But  a  "  heliotrope,"  which  is  a  piece  of  looking-glass, 
w  adjusted  as  to  reflect  the  sun  directly  to  any  desired  point,  is 
"ii!  most  perfect  arrangement. 

(For  m^\\t  signals,  an  Argand  lamp  is  used ;  or,  best  of  all.  Drum- 
iKUtid'B  light,  produced  by  a  stream  of  oxygen  gas  directed  through 
a  flame  of  alcohol  upon  a  boll  of  lime.  It«  dbtinctness  is  cxceed- 
"'^f  increaiwit  by  a  parabolic  reflector  behind  it,  or  a  lens  in  front 
'■it    Such  a  light  was  brilliantly  visible  at  66  miles  distance. 

(KS)  Oksciratioms  of  Ike  Ingles.  These  should  be  repeated 
a  t^  as  poemble.  In  extended  surveys,  three  sets,  of  ten  each.. 
m  neommended.  They  should  be  taken  on  different  parts  of  the 
<>rde.  In  ordinary  surveys,  it  is  well  to  employ  the  method  of 
"Ttneitdng,"  Art.  (873).    In  long  sights,  the  state  of  the  atmos- 


'  Td  dFlFrmme  Bl  a  itatioa  A, 
^iittiia  II)  Hi"!!!))  on  be  wen 
^n  B,  proitciecl  igainM  the 
■Tof  001,  niciniirc  the -vortical 
"^'^  EiZ  „,j,l  ZAC.  If  their 
•Wttinil,  „r  ..iciedi  IBO*.  A 
*^  ^  Ilini  »prn  froTa  B.  If 
■?'.^»  'ipiBl  Bt  A  mint  be  roi» 


Fig.  364. 


268 


TRIiRfiVLAR  WRTEnHC. 


[rABSf;^ 


phere  has  a  very  remarkable  eflfect  on  boih  the  visibility  of  tbe 
signals,  and  on  the  correctness  of  the  observations. 

When  many  angles  are  taken  from  one  station,  it  is  importanl  ta 
record  them  by  some  uniform  system.  The  form  given  beloir  it 
convenient.  It  will  be  noticed  that  only  the  minutes  and  seccndf 
of  the  second  vernier  are  employed,  the  degrees  being  all  taken 
from  the  first. 


Observatians  < 

if 

STATION 

READINGS. 

MEAN 
RBADINO. 

RIGHT  OR  LEFT  OF 
PRECED*0  OBJ't. 

RSMAXKtJ 

0B9BRTKD  TO 

▼  KRNIKR  A. 

VERNIER  B. 

A 

B 
0 

70®   19*      0" 

103®  32'  20" 
115®  14'  20" 

IS*  40" 

32'  40" 
14'  50" 

70®  IS*  50" 

103®  32'  30" 
115®  14'  35" 

R. 
R. 

When  the  an^es  are  <^  repeated,"  Art  (S70),  the  mult^e 
arcs  "vrill  be  regbtered  under  each  other,  and  the  mean  of  the 
seconds  shewn  by  all  the  verniers  at  the  first  and  last  readings  be 
adopted. 

(386)  Reduction  to  the  centre.  It  is  often  imposdble  to  set 
the  mstrument  precisely  at  or  under  the  signal  which  has  been 
observed.    In  such  cases  pro-  Fig.  265. 

ceed  thus.  Let  C  be  the  cen« 
tre  of  the  signal,  and  RCL  the 
desired  angle,  R  being  the  right 
hand  object  and  L  the  left  hand 
one.  Set  the  instrument  at  D, 
as  near  as  possible  to  C,  and  measure  the  angle  RDL.  It  may  be 
less  than  RCL,  or  greater  than  it,  or  equal  to  it,  according  as  D 
lies  without  the  circle  passing  through  C,  L  and  R,  or  within  it,  or  in 
its  circumference.  The  instrument  should  be  set  as  nearly  as  pos- 
sible in  this  last  position.  To  find  the  proper  correction  for  ihe 
observed  angle,  observe  also  the  angle  LDC,  (called  the  angle  of 
direction),  counting  it  from  0°  to  360^,  going  from  the  lefl-hand 
object  toward  the  left ;  and  measure  the  distance  DC.  Calculate 
the  distances  CR  and  CL  with  the  angle  RDL  instead  of  BCL^ 
nnce  they  are  sufficientiy  nearly  equal.    Then 
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RCL  =  RDL  +  CD  ■  sio.  (RDL  +  LDG)  _  CD  ■  am.  LDC. 

CU  .  sin.  1"  OL.  Biii.l" 

The  last  two  terms  will  be  tho  number  of  seconda  to  be  added 

•r  subtracted.     The  TrigoDome tried  signs  of  the  sinea  muat  bo 

attended  to.     The  log.  sin.  1"  =4. 6855749.     Instead  of  diridiog 

f   by  em.  1",  the  correcdon  without  it,  nhich  will  be  a  very  small 

taction,  may  be  reduced  to  secouda  by  multiplying  it  by  206265. 

£j:ampU.  Let  RDL  =  32'  20'  18"  .06 ;  LDC  =  101°  15'  32"  .4 ; 

CD  =  0.9;  CR  =  35845.12;  CL  =  29783.1. 

The  first  term  of  the  correction  will  bo  +  3".750,  and  the 
■ecood  term — 6",H3.  Therefore,  the  observed  angle  BDL 
most  be  dtmimahed  hy  2".363,  to  reduce  it  to  the  desired  angle 
RCL. 

Much  calculation  may  ho  saved  by  taKiiig  the  station  D  ho  that 
■U  the  Hgnala  to  be  observed  can  be  seen  from  it.  Then  only  a 
sngle  distance  and  angle  of  direction  need  bo  measured. 

It  may  also  happen  that  the  centre,  C,  of  the' 
ugnal  cannot  be  seen  from  D.  Thus,  if  the  ugnal 
be  a  solid  circular  tower,  act  the  Theodolite  at  D, 
and  turn  ita  telescope  so  that  ita  line  of  sight  be-  . 
WDM  tangent  to  the  tower  at  T,  T' ;  measure  on 
&M8  tangents  equal  distancea  D£,  DF,  and  direct 
^  telescope  to  ^le  middle,  O,  of  the  line  EF.  It 
liH then  point  to  the  centre,  C;  and  the  distance  DC  will  c<-^u.-l1 
the  dittuice  from  D  to  the  tower  plus  the  radius  obtwned  by  mea- 
"siog  the  circumference. 

If  die  signa'.  be  rectangular,  meaaore  DE,  DF. 
W»  any  point  Q  on  DK,  and  on  DF  set  off  DH         '-' 

=  D6H|.    Then  is  GH  parallel  to  EF,  (since 

1^6 :  Dn  : :  DE  :  DF)  and  the  telescope  directed 
^  >la  middle,  K,  will  point  to  the  middle  of  the 
*«gmttlEF.  WeshaU  also  have  DC  =  DK^. 
uy  sasii  case  may  be  solved  by  similar  methods. 

'oibBinTtMiBBtbn,  toe  Appetulix  B. 
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The  "Phase"  of  objects  is  the  effect  produced  by  tiie  sa 
shining  on  onlj  ono  side  of  them,  so  that  the  telescope  iriD  be 
directed  from  a.  distant  station  to  the  middle  of  that  bright  ait 
matead  of  to  the  tnie  centre.  It  is  a  source  of  error  to  be  goaided 
against.     Its  effect  may  however  be  calculated. 

(387)  Correction  of  tbc  angles.    When  all  the  angles  (Hag 

triangle  can  be  observed,  their  sum  should  equal  180.*  If  not  iaj 
must  be  corrected.  If  all  tlie  observations  are  considered  equil^ 
accurate,  one-third  of  the  difference  of  their  aura  from  180%  ia  to  In 
added  to,  or  subtracted  from,  each  of  them.  But  if  the  anglei  in 
the  means  of  unequal  numbers  of  observations,  their  errors  mayte 
considered  to  bo  inversely  as  those  numbers,  and  they  may  bo  w 
reeled  by  this  proportion ;  As  the  sum  of  the  reciprocab  of  each 
of  the  three  numbers  of  observations  la  to  tho  whole  error,  &  a 
the  reciprocal  of  tho  number  of  observations  of  one  of  the  ang^ 
To  its  correction.  Tims  if  one  angle  was  the  mean  of  three  ohstr- 
vations,  another  of  four,  and  the  third  of  ten,  aud  the  sum  of  all  the 
angles  was  180°  3',  the  first  named  angle  must  be  diminished  bj 
the  fourth  term  of  this  proportion  ;  3  +  J  +  rV  =  3' : :  J  :  1'  27".8. 
The  second  angle  must  in  lite  manner  be  diminished  by  1'  5".9; 
and  the  third  by  26".3.  Theur  corrected  sum  will  then  be  180*. 
It  is  still  more  accurate  but  laborious,  to  apportion  the  totd 
error,  or  difference  from  180°,  among  tho  angles  inversely  aa  the 
"ir«yi(«,"  explained  in  Art.  (369).  On  the  TJ.  S.  Coast  Survey.in 
six  triangles  measured  in  1844  by  Prof.  Bache,  the  gretUext  enw 
was  six-tenths  cf  a  second. 


(388)  CalcDiation  and  plattingi  The  lengths  of  the  aides  of 
the  triangles  should  ha  calculated  with  extreme  accuracy,  in  two 
ways  if  possible,  and  by  at  least  two  persons.  Plane  TrigonometiJ 
may  be  used  for  evon  large  surveys :  for,  though  these  aidea  tst 
really  arcs  and  not  straight  lines,  the  difference  will  be  only  on* 


ingle! 
of  Ih 


„ _,' lai"e.  they  wo«lJ  hsvo  to  bo  rcgnrdeij  M  (phenol, 

ind  llie  aun<  of  itieir  anglti  would  be  mure  ihnn  1B0° ;  but  thi>  "  iplicrinl  tL 

wmilJ   be  only  1'  for  a  li'iangle  coDlainiag  76  sqaara  mile*,  1  for  4501 

i^uvra  mil'j,  &c.;  and  may  therefore  be  nrglected  in  all  ordinary  lutveyine  op^ 
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twentieth  of  a  foot  in  a  distance  of  11^  nules  ;  half  a  foot  in  23 
miles ;  a  foot  in  34^  miles,  &c. 

The  platting  is  most  correctly  done  by  constructing  the  triangles, 
as  in  Art.  (90),  by  means  of  the  calculated  lengths  of  their  sides. 
If  the  measured  angles  are  platted,  the  best  method  is  that  ox 
chords.  Art.  (275).  If  many  triangles  are  successively  based  on 
one  another,  they  will  be  platted  most  accurately,  by  referring  aU 
their  sides  to  some  one  meridian  line  by  means  of  '^  Rectangular  Co* 
ordinates,"  the  Method  of  Art.  (6),  and  platting  as  in  Art.  (277.) 
In  the  survey  of  a  country,  this  Meridian  would  be  the  true  North 
and  South  line  passing  through  some  well  determined  point. 

(889)  Base  of  Verification.  As  mentioned  in  Art.  (380),  a 
aide  of  the  last  triangle  is  so  located  that  it  can  be  measured,  as 
was  the  first  base.  If  the  measured  and  calculated  lengths  agree, 
this  proves  the  aecuracy  of  all  the  previous  work  of  measurement 
and  calculation,  since  the  whole  is  a  chain  of  which  this  is  the  last 
link,  and  any  error  in  any  previous  part  would  afiect  the  very  last 
line,  except  by  some  improbable  compensation.  How  near  the 
agreement  should  be,  will  depend  on  the  nicety  desired  and  attained 
in  the  previous  operations.  Two  bases  60  miles  distant  differed 
on  one  great  English  survey  28  inches ;  on  another  one  inch ;  and 
on  a  French  triangulation  extending  over  500  miles,  the  difference 
was  less  than  two  feet.  Results  of  equal  or  greater  accuracy  are 
obtamed  on  the  U.  S.  Coast  Survey. 

(390)  Interior  fillings  up.  The  stations  whose  positions  have 
been  determined  by  the  triangulation  are  so  many  fixed  points, 
from  which  more  minute  siurveys  may  start  and  interpolate  any 
other  points.  The  Trigonometrical  points  are  like  the  observed 
Latitudes  and  Longitudes  which  the  mariner  obtains  at  every  oppor- 
tumty,  so  as  to  take  a  new  departure  from  them  and  determine 
Lis  course  in  the  intervals  by  the  less  precise  methods  of  his  com 
pass  and  log.  The  chief  interior  points  may  be  obtained  by  "  Se- 
condary Triangulation,"  and  the  mmor  details  be  then  filled  m  by 
any  of  the  methods  of  surveying,  with  Chain,  Compass,  or  Transit, 
already  explained,  or  by  the  Plane  Table,  described  m  Part  Vm. 
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With  the  Transit,  or  Tlicodolite,  "Traversing"  is  the  beat  mode  of 
surveying,  tlie  instrument  being  set  at  zero,  and  being  &a 
directed  from  one  of  the  Trigonometrical  points  to  another,  whicii 
line  therefore  becomes  the  "  Meridian"  of  that  survey.  On  reach- 
ing this  second  point,  in  the  course  of  the  survey,  and  sighting  back 
to  the  first,  tho  reading  should  of  course  be  0",  as  explained  ia 
Art.  (377). 

(391)  Radiating  Trian^ulation.    This  name  may  be  ffmit 


Fig.  288. 


a  method  ehoivn  in  tlic  figure.  Choose 
a  conspicuous  point,  0,  nearly  in  the 
centre  of  the  field  or  farm  to  be  sur- 
veyed. Find  other  points,  A,  E,  C, 
D,  &c.  such  that  tlie  signal  at  0  can  be 
seen  from  all  of  thom,  and  that  the  tri- 
angles ABO,  BCO,  &c,  shall  be  as 
nearly  equilateral  as  possible.  Mea- 
sure one  side,  AB  for  example.  At  A 
measure  the  angles  OAB,  and  GAG ;  at 
B  measure  the  angles  OBA  and  OBC ;  and  so  on,  around  ttu 
polygon.  The  correctness  of  these  measurements  may  be  tested 
by  the  sum  of  the  angles,  as  in  Art.  (377).  It  may  also  be  tested 
by  the  Trigonometrical  principle  that  the  product  of  the  sines  of 
every  alternate  angle,  or  the  odd  numbei-s  in  the  figure,  ahould 
equal  the  product  of  the  sines  of  the  remaining  angles,  the  erea 
numbers  in  the  figure," 

The  calculations  of  the  unknovm  sides  are  readily  made.  In  tbe 
triangle  ABO,  one  side  and  all  the  angles  are  given  to  find  AO 
and  EO.  In  the  triangle  ECO,  BO  and  all  the  angles  are  given  to 
find  EC  and  CO ;  and  so  with  tho  rest.  Another  proof  of  the 
accuracy  of  the  work  will  be  given  by  the  calculation  of  the  leoglh 
of  the  side  AO  in  tho  last  triangle,  agreemg  with  its  lengtli  U 
obtained  in  the  fii-st  triangle. 

(392)  Farm  Trian^uiation.     A  Farm  or  Field  may  be  survejed 

by  the  previous  methods,  but  the  following  plan  will  often  b 
llie  (iKmoDgtralion,  leo  Appeadii 
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the  field,  and  from  its  ends  measure  the      ^/^=:z 

angles  between  it  and  the  direction  of 

each  comer  of  the  field,  if  ttie  Tbeodo-  p(; 

lite  or  Transit  be  need,  or  take   the 

bearing  of  each,  if  the  Compass  be  used. 

Consider  first  the  triangles  which  have 

XT  for  a  base,  and  the  comers  of  the  field.  A,  B,  C,  &c.,  for 

vertices.     In  each  of  them  one  side  and  the  angles  will  be  known  to 

find  the  other  sides,  XA,  XB,  &c.     Jhen  consider  the  field  as 

made  np  of  triangles  which  have  their  vortices  at  X.     In  each  of 

them  two  sides  and  the  included  angle  will  be  given  to  find  its 

content,  as  in  Art.  (65).    If  Y  be  then  taken  for  the  common 

vertex,  a  test  of  the  former  work  will  be  obtained. 

The  operation  will  be  somewhat  simplified  by  taking  for  the  base 
line  a  diagonal  of  the  field,  or  one  of  its  sides. 


(3tt)  Inaccesstble  Areas<    A  field  or  farm  ma;  be  sorrejed, 
by  this  "  Fourth  Method,"  without  entering  pjg,  370, 

it.  Choose  a  base  line  XT,  from  which  aU 
the  comers  of  the  field  can  be  seen.  Take 
their  Bearings,  or  the  angles  between  the 
Base  line  and  their  directions.  The  di»- 
tacces  from  X  and  Y  to  each  of  them  cut 
be  calculated  as  in  the  last  article.  The 
figure  will  then  shew  in  what  maimer  the 
content  of  the  field  b  the  difference  between  ^' 
the  contents  of  the  triangles,  having  X  (or  T)  for  a  vertex,  which 
lie  out^de  of  it,  and  those  which  lie  partly  within  the  field  and  partly 
oataide  of  it.  Their  contents  can  be  calculated  as  in  the  last  article, 
and  their  difference  will  be  the  desired  content.  If  the  figure  be 
regarded  as  generated  by  the  revolution  of  a  line  one  end  of  which  is  at 
X,  while  its  other  end  passes  along  the  boundaries  of  tho  field,  shorts 
ening  and  lengthening  accordingly,  and  if  those  triangles  generated 
by  its  movement  in  one  direction  be  called  phis  and  those  generated 
by  the  contrary  movement  be  called  minus,  their  algebraic  sum 
Trill  be  the  content. 

18 
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(391)  Inyersion  of  the  Foarth  Method.  In  all  the  opera* 
tions  which  have  been  explained,  the  position  of  a  point  has  been 
detennined,  as  in  Art.  (8),  bj  taking  the  angles,  or  bearings,  of 
two  lines  passing  from  the  two  ends  of  a  Base  line  to  the  unknown 
point.  But  the  same  determination  may  be  effected  inversely,  by 
taking  from  the  point  the  bearings,  by  compass,  of  the  two  ends  of 
the  Base  Ime,  or  of  any  two  known  points.  The  unknown  point 
will  then  be  fixed  by  platting  from  the  two  known  points  the  oppch 
site  bearings,  for  it  will  be  at  the  intersection  of  the  lines  thus 
determined. 

(395)  Defects  of  the  Method  of  Intersection.  The  determi- 
nation of  a  pomt  by  the  Fourth  Method  (enunciated  in  Art.  (8), 
and  developed  in  this  Part)  founded  on  the  intersection  of  lines, 
has  the  serious  defect  that  the  point  sighted  to  will  be  very  indefi- 
nitely determined  if  the  lines  which  fix  it  meet  at  a  very  acute  or 
a  very  obtuse  angle,  which  the  relative  positions  of  the  points  observed 
from  and  to,  often  render  unavoidable.  Intersections  at  ri^t 
angles  should  therefore  be  sought  for,  so  Sw  as  other  consideratioDi 
will  permit. 


PART  VT. 
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By  (he  J^  M^hod. 

(SM)  Tkilinear  SusTETiHa  ia  founded  <m  the  I^fth  Metliod  of 
determining  the  portion  of  a  point,  by  measuring  the  angles  betwen 
tiiree  lines  conccired  to  pass  from  the  required  point  to  three 
known  points,  as  illustrated  in  Art.  (10)> 

To  fix  the  place  of  the  point  from  these  data  ia  much  more  d^- 
cult  than  in  the  preceding  methods,  and  is  known  as  the  "  Problem  of 
the  three  points."  It  will  be  here  solyed  Geometrical);,  Instro- 
mentally  anJ  Analyticallj. 


C397>  Geometrical  Stlntloi.    Let  A,  B  and  C  I 

Fig.  371. 


the  known 


objects  obserred  from  S,  the  angles  ASB  and  BSC  being  there 
measured.  To  fix  this  point,  S,  on  the  plat  contuning  A,  B  and 
G,  draw  lines  from  A  and  B,  making  angles  with  AB  each  equal 
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-ASE.  The  iatcraection  of  these  Unea  at  O  wi]l  be  the 
centre  of  a  circle  pasaing  through  A  and  E,  in  the  circumferenM 
of  which  tbe  point  S  will  ho  situated.*  Describe  this  circle.  Also, 
draw  lines  from  B  and  C,  making  anglea  with  EC,  each  equal  to 
90° — ESC.  Their  intersection,  0',  will  be  the  centre  of  a  cirels 
passing  through  E  and  C.  The  pomt  S  will  lie  somewhere  in  ill 
circumference,  and  therefore  in  its  intersection  with  the  fbnnn 
circumference.     The  point  is  thua  determined. 

In  the  figure  the  observed  angles,  ASE  and  BSC,  are  sapposed 
to  have  been  respectively  40°  and  60°.  The  angles  set  cf  in 
therefore  50^  and  30°.  The  central  angles  are  consequentlj  80' 
and  120°,  twice  the  observed  anglea. 

The  dotted  Imee  refer  to  the  checks  explained  in  the  latter  pan 
of  this  article. 

When  one  of  the  angles  ia  obtuse,  set  off  its  difference  from  90° 
on  the  opposite  aide  of  the  line  joining  the  two  objects  to  thai  on 
which  the  point  of  observation  lies. 

Vihen  the  angle  ABC  ia  equal  to  the  supplement  of  the  sum  of 
the  observed  angles,  the  position  of  the  point  will  be  iDdeterminaie: 
for  the  two  centres  obtiuned  will  coincide,  and  the  circle  described 
from  thia  common  centre  will  pass  through  the  three  pomts,  »iid 
an;  point  of  the  circumference  will  ful&l  the  conditions  of  the  po^ 
lem. 

A  third  angle,  between  one  of  the  three  points  and  «  fourth 
point,  should  always  be  observed  if  possible,  and  used'like  tie 
others,  to  aerve  as  a  check. 

Many  testa  of  the  correctness  of  the  portion  of  the  point  detfl^ 
mined  may  be  employed.  The  aimplest  one  is  that  the  centres  of 
the  circles,  0  and  0',  should  lie  in  the  perpendiculars  di-awn  throogli 
the  middle  points  of  the  lines  AB  and  BC, 

Another  is  that  the  lino  ES  should  be  bisected  perpendicolarlj 
by  the  Ime  00'. 

A  third  check  is  obtained  by  drawing  at  A  and  C  perpendiculan 
to  AEand  CB,and  producing  them  to  meet  BO  and  BC  produced, 


■  For,  tbe  nrc  AB  mcBJii 
—2(900  — ABB)  =  a  ASB 
once  i>ad  meaaured  by  llie  i 


1  rtie  bhkIo  . 
TLcrefire, 
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inD  and  E.    The  line  DE  should  pass  through  S ;  for,  the  angles 
BSD  and  BSE  bemg  right  angles,  the  lines  DS  and  SE  form  one 
itnight  line. 
The  figure  shews  these  three  checks  by  its  dotted  lines. 

(IN)  IiStniBieBtal  Solntloilf  The  preceding  process  is  tedious 
trtiere  many  stations  are  to  be  determined.  They  can  be  more 
mffly  fimnd  by  an  instrument  called  a  Stationrpaintery  or  Choro- 
jr(fk  It  consists  of  three  arms,  or  straight-edges,  tumingabout 
a  common  centre,  and  capable  of  bemg  set  so  as  to  make  with  each 
oAer  any  angles  desired.  This  is  effected  by  means  of  graduated 
tfC8  carried  on.  their  ends,  or  by  taking  off  with  their  points  (as 
^  a  pair  of  dividers)  the  proper  distance  from  a  scale  of  chords 
(see  Art.  (274))  constructed  to  a  radius  of  their  length.  Being 
thns  set  so  as  to  make  the  two  observed  angles,  the  instrument  is 
bid  on  a  map  containing  the  three  given  points,  and  is  turned 
>boQt  till  the  three  edges  pass  through  these  points.  Then 
tiiev  centre  is  at  the  place  of  the  station,  for  the  three  points  there 
Bobtend  on  the  paper  the  angles  observed  in  the  field. 

A  ample  and  useful  substitute  is  a  piece  of  transparent  paper, 
Cf  groond  glass,  on  which  three  lines  may  be  drawn  at  the  proper 
*>^  and  moved  about  on  the  paper  as  before. 

(M)  inalytlcal  Mntlon.  The  distances  of  the  required 
pomt  &9m  each  of  the  known  pomts  may  be  obtcdned  analytically. 
tetAB  =  <f;BC  =  a;ABC  =  B;ASB  =  S;BSC  =  S'.  Also, 
iaakeT  =  860*'  — S  — S'— B.  LetBAS  =  U;  BCS  =  V. 
•Hen  we  shall  have  (as  will  be  shewn  in  Appendix  B) 

Cot.  U  =  cot.  T  (—Li^biU,  +  l) 

\a  .  Bin.  S  .  cos.  T         f 

V  =  T  — U 

Q-o      c  .  sin.  U  a  .  sin.  V 

SB  =  — : — 5-;  or,=  — -, — ^— 
am.  S  '         em.  S' 

8A  —  ^  '  ^-  ^^^         ap  ^g  .  sin.  CB8 
""       sin.  8      '  ""      sin.  8' 
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3  giren  to  the  algebraic  signa  of  tbfi  trigoiuMfr 


Attention  must  b 
trical  functions. 

Sxample.  ASB  =  33=  45' ;  BSC  =  22^  30' ;  AB  =  600  feet ; 
BC  =  400  feet ;  AC  =  800  feet.  Required  the  distances  acd 
directions  of  the  point  S  from  each  of  the  stations. 

In  the  triangle  ABC,  the  three  aides  being  known,  the  anglo 
ABC  is  found  to  be  104°  28'  39".  The  formula  then  gives  the 
angle  EAS  =  U  =  105°  8'  10"  ;  whence  BCS  is  found  to  b«  94° 
8'  11" ;  and  SB  =  1042.51 ;  SA  =  710.193 ;  and  SC  =  934.291. 

(400)  Maritime  Sarreylng.  The  chief  application  of  the  Tri- 
linear  Method  is  to  Maritime  or  Mi/dro graphical  Surveying,  the 
object  of  which  is  to  fix  the  positions  of  the  deep  and  shallow  points 
in  harbors,  rivers,  &c.,  and  thus  to  discover  and  record  Che  shoals, 
rocks,  channels  and  other  important  features  of  the  locality.  To 
effect  this,  a  series  of  signals  are  established  on  tlie  neighboiiog 
shore,  any  throo  of  which  may  he  represented  by  our  points  A,B,C. 
They  are  observed  to  from  a  boat,  by  means  of  a  sextant,  and  tk 
position  of  the  boat  is  thus  fixed  as  just  shewn.  The  boat  is  theu 
rowed  in  any  desired  direction,  and  soundings  are  taken  at  regular 
intervals,  till  it  is  found  convenient  to  fix  the  new  position  of  (be 
boat  as  before.  The  precise  point  where  each  sounding  was  taten 
can  now  be  platted  on  the  map  or  chart.  A  repetition  of  this  pro- 
cess will  determine  the  depths  and  the  places  of  each  point  of  the 
bottom. 
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PART  VII 


FACLES  IN  ANGULAR  SURVEYING. 

B  obstacles,  such  ad  trees,  houses,  hills,  vallies,  rivers, 
h  prevent  the  direct  alinement  or  measurement  of  any 
>urse,  can  be  overcome  much  more  easily  and  precisely 
emgular  instrument  than  with  the  chain,  methods  for  usmg 
re  explained  m  Part  11,  Chapter  V.  They  will  however 
up  in  the  same  order.*  As  before,  the  given  and  measured 
drawn  with  fine  full  lines ;  the  visual  lines  with  broken 
i  the  lines  of  the  result  with  heavy  full  lines. 


CHAPTER  1. 

PERPENDICULiRS  iND  PARiLLELS. 

Erecting  PerpendiciiIarSfl  To  erect  a  perpendicular  to 
a  given  pointy  set  the  instrument  at  the  given  point,  and. 
Compass^  direct  its  sights  on  the  line,  and  then  turn  them 
!W  Bearing  differs  90**  from  the  original  one,  as  explained 
243).  A  convenient  approximation  is  to  file  notches  in 
ass-plate,  at  the  90**  points,  and  stretch  over  them  a  thread, 
xjross  which  will  give  a  perpendicular  to  the  durection  of 

"ansit  or  Theodolite  being  set  as  above,  note  the  reading 
mier  and  then  turn  it  till  the  new  reading  is  90°  more  or 
the  former  one. 

•moQAtrations  of  the  Problems  which  require  them,  and  from  which 
nveuiently  be  separated,  will  be  foand  in  Appei  iis  B. 


OBSTACLES  M  ANfiVLAR  SCRTEYIKG.     [put  m 


inaccMgible  line,  at  a 
Fig.  272. 


(103)  To  erect  a  perpendicular  to  at 
ffioen  point,  of  it.  Let  AB  bo  the  line 
and  A  the  point.  Calculate  the  diatance 
from  A  to  any  point  C,  and  the  angle 
CAB,  by  the  method  of  Art.  (450).  Set 
the  inatrument  at  C,  sight  to  A,  turn  an 
angle  =  CAB,  and  measure  in  the  direc- 
tion thua  obtained  a  distance  CP  =  CA  .  cos.  CAB. 
the  required  perpendicular. 


(404)  Lellins  fall  pcrpcndlcalars.  To  let  fall  a  yer/inufc 
ciilar  to  a  line  from  a  git-en  point.  With  the  Compass,  taie  the 
Bearing  of  the  given  line  and  then  from  the  given  point  ran  a  line, 
with  a  Bearing  differmg  90°  from  the  original  Bearing,  till  it  reviliM 
the  given  line. 

With  the  Tratisit  or  Theodolite,  set  it  at  any  point  of  tl»  pna 
line,  03  A,  and  observe  the  angle  between  this  Fig.  273. 

line  and  a  line  thence  to   the  given   point,    A?:;; 

P.  Then  set  at  P,  sight  to  the  former  posi- 
tion of  the  inatrument,  and  turn  a  number  of 
degrees  equal  to  what  the  observed  angle  at 
A  wanted  of  90°.  The  instrument  will  then 
point  in  the  direction  of  the  required  perpeni^cular  PB. 


N 


(405)  To  let  fall  a  perpendicular  to  a  line  from  an  inaeeeuHU 
point.     Let  AB  be  tho  hne  and  P  the  ^'s-  2?^. 

point.  Measure  the  angles  PAE,  and 
PBA.  Measure  AB.  The  angles  APC 
and  BPC  are  known,  being  the  comple- 
menta  of  tho  angles  measured.     Then  is   A.  C         B 


AC=AB. 


tan.  APO 
tan.  AFC  +  tan.  BPC" 
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Perpendiculars  and  Parallels. 
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(106)  To  let  fall  a  perpencUcidar  to  an  inaccessible  line  from 
a  given  point.    Let  C  be  the  pomt  and  Fig.  275. 

AB  the  line.     Calculate  the  angle  CAB   ^ E 

by  the  method  of  Art.  (430).  Set  the 
instrament  at  C,  sight  to  A,  and  turn  an 
angle  =  90  —  CAB.  It  will  then  point 
in  the  direction  of  the  required  perpen- 
dicular CE. 


(107)  Running  Parallels.  To  trace  a  line  through  a  given 
paint  parallel  to  a  given  line.  With  the  Compass y  take  the  Bear- 
ing of  the  giyen  line,  and  then,  from  the  given  point,  run  a  line 
with  the  same  Bearing. 

With  the  Transit  or  Theodolite^  set  it  at  any  convenient  xmat 
of  the  given  line,  as  A,  direct  Fig.  276. 

it  on  this  Ime,  and  note  the  read-  -^v -^ 

ing.     Then  turn  the  vernier  till       \ 
the  cross-hairs  bisect  the  given*        \ 
point,  P.     Take  the  instrument  to  p  Q 

this  point  and  sight  back  to  the  former  station,  by  the  lower  motion, 
without  changing  the  reading.  Then  move  the  vernier  till  the 
reading  is  either  the  same  as  it  was  when  the  telescope  was  di- 
rected on  the  given  line,  or  is  180°  different.  It  will  then  be  di- 
rected (forward  or  backward)  on  PQ,  a  parallel  to  AB,  since  equal 
angles  have  been  measured  at  A  and  P.  The  manner  of  reading 
them  is  similar  to  tlie  method  of  "Traversing,"  Art.  (873). 


Fig.  277. 


(408)  To  trace  a  line  through  a  given  point  parallel  to  an 
itiaccessible  line.  Let  C  be  the  given 
point,  and  AB  the  inaccessible  line. 
Find  the  angle  CAB,  as  in  Art.  (ISO). 
Set  the  instrument  at  C,  direct  it  to  A, 
and  then  turn  it  so  as  to  make  an  angle  G  JB 

with  CA  equal  to  tk^  supplement  of  the  angle  CAB.    It  will  then 
pomt  in  a  direction,  CE,  parallel  to  AB. 


OBSTACLES  IJ?  1I\G[I,AR  SIKTETmG.      [luiin 


CHAPTER  II. 


Il  quiroa  I 

WL 


OBSTACLES  TO  ALmESlESfT. 

A.  To  PROLONG  A  LINE. 
(109)  The  instrument  being  set  at  the  farther  end  of  a  line,  and 
directed  back  to  its  beginnbg,  the  sights  of  the  Compass,  if  th&t 
be  used,  i^ill  at  once  give  Uie  forward  direction  of  the  line.  They 
eerve  the  purpose  of  tlie  rods  described  in  Art.  (169).  A  distant 
point  being  thus  obtained,  the  Compass  is  taken  to  it  and  Uie  pro- 
cess repeated.  The  use  of  the  Transit  or  Theodolite,  for  thii 
purpose,  vfaa  fully  explained  in  Art.  (376). 

(410)  bj  perpendiculars.    When  a  tree,  or  house,  obatntc&g 

the  line,  is  met  with,  place  the  instru-  ^'S-  ^9. 

ment  at  a  point  B  of  the  line,  and  set 
off  there  a  perpendicular,  to  C  ;  set  off 
another  at  C  to  D,  a  third  at  D  to  E,  '^      " 

makiug  DE  =  EC,  and  a  fourth  at  E,  which  last  will  be  in  the 
direction  of  AB  prolonged.  If  perpendiculars  cannot  be  con- 
veniently used,  let  BC  and  DE  make  any  equal  angles  V 
the  line  AB,  so  as  to  make  CD  parallel  to  it. 

(Ill)  By  an  eqallaleral  triangle.  Fig.aTs. 

At  B,  turn  aside  from  the  line  at  an 
angle  of  60°,  and  measure  some  con- 
venient distance  BC.  At  C,  turn  60° 
in  the  contrary  direction,  and  mea- 
sure a  distance  CD  ^  BC.  Tlien  will  D  be  a  point  in  the  line  J 
prolonged.  At  D,  turn  60°  from  CD  prolonged,  and  die  new 
direction  will  be  in  the  line  of  AB  prolonged.  This  method  ro 
([uirea  the  measurement  of  one  angle  less  than  the  preceding. 
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(112)  By  triao$;ulaUon.    Let 

AB  be  the  line  to  be  prolonged,  j 

Choose  8oino    Btation  C,  ^rhence 

can  be  seen  A,  B,  and  a  point 

1>cyond   the   obstacle.      Measure  "■■,_';   ,,--^ 

AB  and  the  angles  A  and  B,  of  c 

the  triangle  ABC,  and  thence  calculate  the  side  AC     Set  the 

matmincnt  at  C,  and  measure  the  angle  ACD,  CD  being  any  line 

which  will  clear  the  obstacle.     Let  E  be  t!ie  desired  point  in  the 

lines  AB  and  CD  prolonged.     Then  in  the  triangle  ACE,  will  be 

known  the  eido  AC  and  its  including  angles,  whence  CE  can  be 

calculated.     Measure  the  resulting  distance  on  the  ground,  and 

its  extremity  will  be  the  desired  point  E.     Set  the  instrument  at 

E,  sight  to  C,  and  turn  an  angle  equal  to  the  supplement  of  the 

angle  AEC,  and  you  will  have  the  direction,  EF,  of  AB  prolonged 

(413)  When  the  line  to  be  proloni:ed  is  laaccessiblc.      In 

this  case,  before  the  preceding  method  can  be  applied,  it  will  bo 
necessary  to  determine  the  lengths  of  the  lines  AB  and  AC,  and 
the  angle  A,  by  the  method  given  in  Art.  (430). 

(414)  To  proIoD?  a  lino  witli  only  an  angular  inslrnracni. 
This  may  be  done  when  no  means  of  measuring  any  distance  can  be 
obtained.     Let  AB  bo  the  lino  Fig.  sai. 

to  be  prolonged.     Set  the  in-  C 

Btrument  at  B  and  deflect  an- 

glea  of  45°  in  the  directions  C  -^ ^^S-  - 

and  D.     Set  at  some  point,  C,  ^^ 

on  one  of  these  lines  and  deflect 
from  CB  45°,  and  mark  the 

point  D  where  this  direction  intersects  the  direction  BD.  Also,  at 
C,  deflect  90"  from  CB.  Then,  at  D,  deflect  90°  from  DB.  The 
interaectiona  of  these  last  directions  will  fix  a  point  E.  At  B 
deflect  135°  from  EC  or  ED,  and  a  line  EF,  in  the  direction  of 
AB  will  be  obtained  and  may  be  continued.* 

ice  ii  (lua  to  a  farmer  Etuileni,  Mr.  R.  IIn()i],iii  wbuici 
r  Udb  for  a  niilrosil,  Ihe  oereuitj  ocqurrod. 


u 
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OBSTACLES  IN  ANGULAR  SDRTEnStJ.    [futfi 

B.    To    INTl 


0  opposite  the  point  Z. 


.ATE  FOISTS  IN  A  LINE. 
(US)  The  iustrument  being  set  at  one  end  of  a  line  fmd  directed 
to  the  other,  iutermcdiato  points  can  be  found  as  in  Art.  (177), 
kc.  If  a  valley  intervenea,  the  sights  of  the  Compass,  (if  tlie 
Compasa-piate  be  very  carefully  kept  level  crosa-waya),  or  tie  tele- 
scope of  the  Transit  or  TlieodoHte,  answer  as  substitutes  for  the 
plnmb-line  of  Art.  (179). 

(416)  By  a  random  line'    When  a  wood,  hill,  or  other  obsta- 
cle, prevents  one  end  of  the  line,  Z,  Fig.  282. 
from  being  seen  from  the  other,  A,  rcn 
a  random  line  AB  with  the  Compass  or  A™ 
Transit,  &c.,  aa  nearly  in  the  desired 
direction  aa  can  be  guessed,  till  you  a 

Measure  the  error,  BZ,  at  right  angles  to  AB,  as  an  oS&et.  Mnlfr 
ply  this  en-or  by  57  j^,  and  divide  tlie  product  by  the  distance  AB. 
The  quotient  will  be  the  degrees  and  decimal  parts  of  a  degree, 
contained  in  the  angle  BAZ.  Add  or  subtract,  (his  angle  to  or 
from  the  Bearing  or  reading  with  which  AB  was  nm,  accordbg  to 
the  Mde  on  which  the  error  was,  and  start  from  A,  with  tlua  c«^ 
rected  Bearing  or  readmg,  to  run  another  lino,  which  will  come  out 
at  Z,  if  no  error  has  been  committed,* 

Example.  A  random  hne  was  run,  by  compass,  with  a  Beiring 
of  S.  80°  E.  At  20  chains'  dbtance  a  point  was  reached  opporite 
to  the  desired  point,  and  10  links  dbtant  from  it  on  its  right. 
Required  the  correct  Bearing. 

AnB.     By  the  rule,  ^-  ^  ^^°^  ==  0°.2865  =  17'.      The  COT- 

rect  Bearing  is  tlicreforo  S.  80°  17'  E.  If  the  Transit  had  been 
used,  its  reading  would  have  been  changed  for  the  new  line  by  fliB 
same  17'.  A  simple  diagram  of  the  case  will  at  once  shew  whether 
the  correction  is  to  he  added  to  the  original  Bearing  or  angle,  or 
eubtracted  from  it. 


p.n.] 
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If  Trigonometrical  Tablea  are  at  hand,  the  correctioa  wiQ  be 
more  preciselj  obtuned  from  this  equation ;    Tan.  BAZ  ^  -—. 

In  tlus  example,  ■j=  =  ^^  =  .005  =  tan.  17'. ; 

llie  ST'.S  rnle,  as  it  is  somedmes  called,  ma;  be  rarionalj  modi- 
fied. Thus,  mnltiply  the  error  by  86°,  and  divide  by  one  and  a  half 
thses  the  disCance  ;  or,  to  get  the  correctioti  in  nunutea,  multiply 
by  3438  and  divide  by  the  distance  ;  or,  if  the  error  is  ^ven  in 
feet  and  the  distance  In  foor-rod  chuna,  multiply  the  former  by  52 
icd  ^\ide  by  the  distance,  to  get  the  correction  in  minutes. 

The  correct  line  may  be  run  with  the  Bearing  of  the  random 
H  by  turning  the  vernier  for  the  correction,  aa  in  Art.  (3IJ). 


^  (417)  By  Ulllnles  and  Departures.  When 
*  angle  line,  such  as  AB,  cannot  be  run  so  as  to 
come  opposito  to  the  given  point  Z;  proceed  thus, 
"Jth  the  Compaat.  Run  any  number  of  sdg-zag 
(Joiiraes,  AB,  BO,  CD,  DZ,  in  any  convenient 
'WitioD,«)  aa  at  last  to  arrive  at  t^e  desired  point. 
Cilcnltte  the  Latitflde  and  Departure  of  each  of 
"■Me  tonrses  and  take  their  algebraic  sums.  The 
"aa  tf  the  Latitudes  will  be  equal  to  AX,  and  that 
ofthflDepartorestoXZ.  a3ieniaTan.ZAX  =  ||; 

'■  e.  the  algebraic  sum  of  the  Departures  divided 

V  the  algebraic  sum  of  the  Latitudes  is  equal  to  the  tangent  of 

"'*  Bearing.' 

(4l8)  When  the  TVaiuit  or  Theodolite  is  used,  any  line  may  be 

^**>»  as  a  Meridian,  i.  e.  as  the  line  to  which  the  following  linea 

^  *«fened ;  aa  in  "  Traversing,"  Art.  (375),  page  254,  all  the 

,  ^^^'esave  Imes  were  referred  to  the  first  line.    In  the  figure,  on 

^ezt  page,  the  same  lines  as  in  the  preceding  figure  are  repre- 

1^   ^%e  length  of  (he  line  AZ  can  b1>o  be  at  once  obtained  lioce  it  is  eqaal  to 
i>.{^^nare  root  of  the  lam  of  tbe  iquBrel  of  AX  and  XZ ;  or  to  the  Latiloda 
^^«d  bj  tbe  ooiiDe  of  the  Bearing. 


OBSTACLES  IN  AiVGVLiR'  SCRTETIIVe,    [ntt  m. 

sented,  but  they  are  referred  to  the  first  course,  *''g-  2»4. 

AB,  instead  of  to  the  Magnetic  Meridian  as 

before,  and  their  Latitudes  are  measured  along 

its  produced  line,  and  its  Departures  perfien- 

dicular  to  it.    As  before,  a  right-angled  triangle 

will  be  formed,  and   the  angle  ZAY  wiU  be 

the  angle  at  A  between  the  first  line  AB  and 

the  desired  line  AZ. 

This  method  of  operation  has  many  usefiilff 
applications,  such  as  in  obtaining  data  for  running  BaHroad  Cami, 
kc,  and  the  student  should  master  it  thoroughly. 

The  desired  angle  (and  at  the  same  time  the  distance}  cao  U 
obtained,  approximately,  in  this  and  the  preceding  case,  by  findu^ 
in  a  Traverse  Table,  the  final  Latitude  and  Departure  of  the  de^red 
line  (or  a  Latitude  and  Departure  having  the  same  ratio)  and  tka 
Bearing  and  Distance  corresponding  to  these  w-lU  be  the  i 
and  distance  desired, 

(119)  By  similar  trlan§:lc9.  ^' 

Through  A  measure  any  lino  CD. 

Take  a  point  E,  on  the  line  CB, 

beyond  the  obstacle,  and  fromi'it  Ah 

set  off  a  parallel  to  CD,  to  some 

point,  F,  in  the  lino  DE.     Measure 

EF,  CD,  and  CA.     Tben  this  pro- 

jwrdon,  CD  :   CA  : ;  EF  ;  EG,  will  give  the  distance  EG,  iron 

E  to  a  point  in  the  line  AE.     So  for  other  points. 

(120)  By  triangBlalion,      When 
obstacles  prevent  the  preceding  me- 
thods being  used,  if  a  point,  C,  t 
found,  from  which  A  and  B  are  accessi- 
ble, measure   the  distances  CA,  CB, 

and  the  angle  ACB,  and  thence  calculate  the  angle  CAB. '  Then 
observe  any  angle  ACD,  beyond  the  obstacle.     In  the  triangle 
ACD,  a  side  and  its  including  angles  are  knoivn,  to  find  CD. 
■on  it,  and  a  point,  D,  in  the  desired  line,  will  be  obtiune< 
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CHAPTER  m. 


OBSTACLES  TO  MEiSUREllIEirr. 


A.  When  both  ends  of  the  line  are  accessible. 


o 


(421)  The  methods  given  in  the  preceding  Chapter  for  prolon 
ing  a  line  and  for  interpolating  points  in  it,  will  generally  give  the 
length  of  the  line  by  the  same  operation.  Thus,  in  Fig.  278,  the 
inaccessible  distance  BE  is  equal  to  CD  ;  in  Fig.  279,  BD  =  BC 
=  CD ;  in  Fig.  280,  the  distance  BE  can  be  calculated  from  the 
same  data  as  CE ;  in  Fig.  282,  AZ  =  -/(AB^  +  BZ^)  ;  in  Fig. 
283,  AZ  =  VC^X^  +  XZ^  ;  in  Fig.  284,  AZ  =  v/(AY2  + 

TZ^)  ;  m  Fig.  285,  AG  =  ^_(2|lZI^  ;  in  Fig.  286,  the  tri- 

angle  ACD  will  ^ve  the  distance  AD.  The  method  of  Latitudes 
and  Departures,  Arts.  (417)  and  (418),  is  very  generally  appU- 
Mble.     So  is  the  following. 


(422)  By  triangnlation.    Let  AB  Fig  ssz. 

be  the  inaccessible  distance.  From 
any  point,  C,  from  which  both  A  and 
B  are  accessible,  measure  CA,  CB, 
and  the  angle  ACB.  Then  in  the 
triangle  ABC  two  sides  and  the  in- 
cluded angle  are  known  to  find  the 
side  AB.  K  all  the  angles  can  be  measured,  they* may  be  oor* 
rected,  as  in  Art.  (387).*  ^ 


(423)  A  broken  Baset  When  the  angle  C  is  very  obtuse,  the 
preceding  problem  may  be  modified  as  follows.  Nammg  the  lines 
as  is  usual  in  Trigonometry,  by  small  letters  corresponding  to  the 

*  In  this  figure,  and  the  folIowingoneSfthe  angular  point  enclofed  in  a  circle 
indicatet  the  place  at  which  the  instroment  is  set 
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capital  letters  at  tlie  angles  to  which  thej  are  opposite,  and  letting 
K  ^  the  number  of  minutes  in  the  supplement  of  the  angle  C,  we 


shall  have 

AB  = 


=  a +  6  — 0.000000042308  X 


4 


This  formula  is  chiefly  used  in  the  case  of  what  b  called  in  Tri- 
angular Son-eying  "A  broken  Ease;"  such  as  above;  AC  and 
CB  being  measured  and  forming  very  nearly  a  straight  line,  and 
the  length  of  AB  being  required- 
Log.  0.000000042308  = 


(434)  By  ansks  to  known  points.  The  length  of  a  line,  both 
ends  of  which  are  accessible,  may  aJso  be  determined  by  angles 
measured  at  its  extremities  between  iti  and  the  directions  of  two  or 
more  known  points.  But  as  the  methods  of  calculation  involve  sub- 
sequent problems,  they  will  bo  postponed  to  Articles  (IJ5),  (06) 
and  (137). 

B.  When  one  end  op  the  line  is  inaccessible. 

(425)  By  pfrpentflcnlars.  Many  of  the  methods  given  for 
the  chain,  in  Part  II,  Chapter  V,  may  be  still  more  advaatageondy 
employed  with  angular  instruments,  which  can  so  much  more  eaaly 
and  precisely  set  oflf  the  Perpendiculars  required  in  Articles  (IW)i 
(192),  (193),  &c. 


(426)  By  eqnal  angles.    Let  AB 

be  the  inaccessible  line.  At  A  set  off  'J?, 
AC.  perpendicular  to  AB,  and  as 
nearly  equal  to  it,  hy  estimation,  as 
the  ground  will  permit.  At  C,  mea- 
sure the  angle  ACB,  and  turn  the 
sights,  or  vernier,  till  ACD  =  ACB. 
Fmd  the  point,  D,  at  the  intersections 
duced.     Then  is  AD  =  AB. 


Fig.  289. 
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(427>  By  triangnlation.    Measure  a  distance        F;g.!9o. 
AC,  about  equal  to  AB.     Measure  the  angles  at  Ap. 
A  and  C.    Then  in  the  triangle  ABC,  two  angles 
and  the  included  side  arc  known,  to  find  another 
i.ACB 


side,  AB  = 


.ABC 


^Vhen  the  compass  is  used,  the  angles  betwcfn    c 
the  lines  will  be  deduced  from  their  respective 
Bearings,  hj  the  principles  of  Art.  (243). 

If  the  angle  at  A  is  90%  AB  =  AC  .  tang.  ACB. 

If  A  =  90",  and  C  =  45°,  then  AC  =  AB ;  but  this  position 
could  not  easily  be  obtained,  except  by  the  use  of  the  Sext  tnt, 
a  reflecting  instrument,  not  described  in  this  volume. 

(428)  When  one  point  cinsot  be  seen  ft-on  the  other.— 

Choose  two  points,  G  and  D,  in  the  line 
of  A,  and  such  that  from  0,  A  and  B  can 
be  seen,  and  from  D,  A  and  B.  Measure 
AC,  AD,  and  the  angles  C  and  B.  Then, 
in  the  triangle  BCD,  are  known  two  an- 
gles and  the  included  side,  to  find  GB. 
Then,  in  the  triangle  ABC,  are  known 
two  mica  and  the  included  angle,  to  find 
the  third  side,  AB. 


(439)  To  find  the  distance  from  a  glren  point  to  an  Inaeces-^ 
idble  line>  In  Fig.  275,  Art.  (4W),  the  reqmred  distance  ia 
C£.  The  operaliona  therein  directed  £^ve  the  line  GA  and  the 
angle  CAB,  or  CAG.    The  required  distance  CE  =  CA .  an.  GAS. 


I 
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C.    WUES   BOTH  ENDS    OF  THE    LINE   AilE   IXACCBBSIBLK. 

(430)  General  Blclhoi.    Let  Fig.  292. 

AB  be  the  inaccessible  line. 
Measure  any  convenient  distance 
CD,  and  the  angles  ACD,  BCD, 
ADC,  EDC. 

Then,  in  the  triangle  CDA, 
two  angles  and  the  included  side 
are  given,  to  find  CA.  In  the 
triangle  CDB,  two  angles  and  the 
included  side  are  given,  to  find 
CB.  Tlien,  in  tiie  triangle  ABC, 
two  sides  and  the  included  ajigle 
are  given,  to  find  AB. 

The  work  may  be  verified  by  taking  another  set  of  trianglu, 
and  finding  AB  from  the  triangle  ABD  instead  of  ABC. 

The  following  formulas  will  however  give  tlie  desired  distann 
with  less  labor. 


I.  ADO  . 


,.  CBD 


! 

L 


Find  an  angle  K,  such  that  tang.  K  —  — — , 

°  ^  sin.  GAD  .  sin.  BDC 

Then  find  the  difference  of  the  unkoown  angles  in  the  triangle 

CAB  from  the  formula 

Tang.  ^  (CAB  — ABC)  =  tang.  (45=— K)  .  cot.  §  ACB. 

Then  is  CAB  =  ^  (CAB  —ABC)  +  J  (CAB  +  ABC). 

V     11       A-n       OT,  sin.  BDC  .sin.  ACB 

Fmally,  AB  =  CD  - — -^^-^ — ^—ttTd- 

'  am.  CBD  .  em.  CAB 

JExampk.  Let  CD  =  7106.25  feet ;  ACD  =  95"  17' 20"; 
BCD  =  61°  41'  50" ;  ADC  =  SQ"  38'  40" ;  BDC  =  78'  35'  10"; 
required  AB. 

The  figure  is  constructed  with  these  data  on  a  scale  of  5000  feet 
to  1  inch  =  1:60000. 

By  the  above  formulas,  K  is  found  to  be  80°  26'  5" ;  CAB  = 
113'  55'  37" ;  and  lasUy  AB  =  6598.32. 

Both  the  methods  may  be  used  as  mutual  checks  in  any  i» 
portant  case. 


Mstules  to  nfeuareUeBt. 


If  the  lines  AB  and  CD  croesed 
each  other,  as  in  Hg.  293,  instead  of 
being  utnated  as  in  the  preceding 

figure,  the  same  method  of  calcola- 

tioa  would  apply. 


C4S1)  PnUeiDt  To  meaeure  an  inaccettible  diatance,  AB, 
lehffH  apomt,  C,  in  ita  line  can  be  obtained.  Set  the  inatnunent 
at  a  point,  D,  from  wluch  A,  B  Fig-  29*. 

and  C  can  be  seen,  and  measure 
the  aagiA  GDA  and  ADB. 
tf  eaaore  also  the  line  DO  and 

tlie  angle  C.    Then  in  the  tri- 

■n^e  AGD  tvo  an^ea  and  the 

included  nde  are  ^ren  to  find 

AI>.    in  the  triangle  DAB,  the  » 

9iDf^  DAB  is  known,  (being  equal  to  ACD  +  CDA),  and  AD 

having  been  found,  we  ag^  have  two  angles  and  the  included  ude  ' 

to  find  AB. 


Fig.  a 


<tit)  Fnblem.  To  meatwre  an  inaccessible  distance,  AB, 
•^«i  onty  onepnnt,  C,  cmi  he  found  from  wTach  both  endt  of  the 
^^^f**  eon  be  teen.  Consider  CA 
sod  CB  as  ^stances  to  be  deter- 
'"'Qtd,  having  one  end  accesaible. 
I*otermine  them,  as  in  Art.  (127), 
^y  chooang  a  point  D,  from  which 
"  and  A  are  viable,  and  a  point  E 
^*  which  C  and  E  are  viKble.  ^, 
^tCobeetve  the  angles  DCA,ACB  ^ 
"^d  BCE.  Measure  the  distances  CD  and  CE.  Observe  the 
"'glea  ADC  and  BEG.  Then  in  the  triangle  ADC,  two  angles  and 
'  "^^  included  ode  are  ^ven,  to  find  GA ;  and  the  same  in  the  tri- 
■^^e  CBE,  to  find  CB.  Lastly,  in  the  triangle  ACB  4wo  sides 
**">  the  included  angle  are  known,  to  find  AB. 
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(433)  Problem!  To  measure  an  inaccessible  dUtance, 
token  no  point  can  be  found  from  which  Vie  two  ends  can  bi  i 
Let  G  be  a  point  from  which  A  is  Ki^.  29e. 
viable,  and  D  a  point  from  which 
B  is  visible,  and  dso  C.  Measure 
CD.  Find  the  diatancea  CA  and 
DB,  aa  in  the  preceding  problem ; 
i.  e.  choose  a  point  E,  from  which  A 
and  C  are  visible,  and  another  E 
point,  F,  from  which  D  and  B  are  visible.  Measure  EC  ud  DP- 
Observe  the  angles  AEC,  EGA,  BDF  and  DFB ;  and  at  thewae 
time  the  angles  ACD  and  CDB,  for  the  suhaequent  woA.  Ilia 
CA  and  DE  will  be  found,  as  were  C A  and  CB  in  the  last  pwHfflD. 
Then  in  the  triangle  CDB,  two  aides  and  the  included  angle  •>* 
known  to  find  CB  and  the  angle  DCB  ;  and,  laatljr,  in  the  tniogl> 
ACB,  two  sides  and  the  included  angle  (the  difference  (X  ACD 
and  DCB)  to  find  AB. 

(434)  Problem.    To  ioterpolale  a  Base*     Four  inacctfi^ 
objects,  A,  B,  C,  D,  being  in  a  right  Fig.  asr. 

line,  and  visible  from  only  ojie  point,   a  ^. *  A*\.liL^c 

E,  it  is  required  to  determine  the  dis-    ^^^^^^^j 
tance  between  the  middle  points,  B 
and  C,  the  exterior  dtstanees,  AE 
and  CD,  being  known.  """"'^'' 

Let  AE  =  a,  CD  =  &,  EC  =  a: ;  fi 

AEB  =  P,  AEC  =  Q,  AED  =  R . 


Calculate  an  auxiliary  angle,  K,  such  that 

„  4ai  sin.  Q  .  Bin.  (R  — 


-{a -by 


Tlien  is  a:  = 


'   Bin.  P  . 
—  b 


P) 


..  (B-Q)- 


Of  the  two  values  of : 
This  problem  is  used 


I 


a  Base  line  passes  over  water,  &c. 


be  positive  one  is  alone  to  be  talcen. 

n  Triangular  Surveying  when  a  portion  <^ 
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(435)  Problem*  Oiven  the  angles  observed,  at  the  ends  of  a 
line  which  cannot  be  measured^  between  it  and  the  ends  of  a  line 
of  known  length  but  inaccessible,  required  the  length  of  the  former 
line.  This  Problem  is  the  converse  of  that  given  in  Art.  (430)- 
Its  figure,  292,  may  represent  the  case,  if  the  distance  AB  be 
regarded  as  known  and  CD  as  that  to  be  found.  Use  the  first  and 
second  formulas  as  before,  and  invert  the  last  formula,  obtaining 
pyv  _  . -n  sin.  CBD  .  sin.  CAB 

"■        sin.  BDC  .  sin.  ACB" 

This  problem  may  also  be  solved,  indirectly,  by  assuming  any 
length  for  CD,  and  thence  calculating  as  in  the  first  part  of  Art. 
(430)9  ^®  length  of  AB  on  this  hypothesis.  The  ima^ary 
figure  thus  calculated  is  similar  to  the  true  one ;  and  the  true 
length  of  CD  will  be  given  by  this  proportion ;  calculated  length 
of  AB  :  true  length  of  AB  : :  assumed  length  of  CD  :  true  length 
of  CD. 

The  length  of  CD  can  also  be  obtained  pig.  293. 

graphically.      Take  a  line  of  any  length,       ^ 

as  CD',  and  from  C  and  D'  lay  oflF  angles  /\  y^ 
equal  to  those  observed  at  C  and  D,  and  \  y\y 
Uius  fix  points  A,  B'.  Produce  AB'  till  it  ^^^C<\ 
equals  the  pven  distance  AB,  on  any  do-  nly^  ^^^ 
Bired  scale.  From  B  draw  a  parallel  to  ""--.^^  ^ 
BTD',  meeting  AD'  produced  in  D;  and  "^^""-^^iiw 

from  D  draw  a  parallel  to  D'C  meetmg  ^ 

AC  produced  in  C.     Then  CD  will  be  the  Acquired  distance  to 
the  same  scale  as  AB.''^ 

(436)  Probiema  Three  points.  A,  B,  C,  being  given  by  their 
distances  from  each  other,  and  two  other  points,  P  and  Q,  being 
so  situated  that  from  each  of  them  two  of  the  three  points  can  be 
§een  and  the  angles  APQ,  BPQ,  CQP,  BQP,  be  measured,  it  is 
required  to  determine  the  poeitions  of  P  and  Q. 

«  See  Article  (458)  for  a  solatioD  of  thia  problem  by  the  Plane-Table. 


K 
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CoNSTRDCTiON.  Begin, 
as  in  Art.  (397),  by  describ- 
ing a  circle  pasatng  througli 
A  and  £,  and  having  the  cen- 
tral angle  subtended  by  AB, 
equal  to  twice  the  given  an-  p^'- 
gle  APB,  and  thua  contain- 
ing that  angle.  The  point 
P  will  lie  Bomewhere  in  its 
circumference.  Describe  another  circle  pas^g  through  B  utdC| 
and  having  a  central  angle  subtended  by  BC  equal  to  twice  tiie 
given  angle  BQG.  The  pomt  Q  will  lie  somewhere  in  iu  A- 
cumferenee.  From  A  draw  a  line  making  with  AB  an  angles 
BPQ,  and  meeting  at  X  the  circle  first  drawn.  From  C  draw  a 
line  making  with  CB  aai  angle  =  EQP,  and  meeting  the  second 
circle  in  Y.  Join  XY  and  produce  it  till  it  cuts  the  circles  io 
points  P  and  Q,  which  will  be  those  required  ;  since  BPX  =  BAX 
=  BPQ;  and  BQY  =  BCY  =  BQP. 

Calculation.  In  the  triangle  ABC,  the  ^dea  being  given,  the 
angle  ABC  is  known.  In  the  triangle  ABX,  a  side  and  all  the 
angles  are  known,  to  find  BX,  In  the  triangle  CBY,  BY  is  siim- 
larly  found.  By  subtracting  the  angle  ABC  from  the  sum  of  the 
angles  ABX  and  CBY,  the  angle  XBY  can  be  obtained.  Then 
in  the  triangle  XBY,  the  sides  BX,  BY,  and  the  included  angle 
are  given  to  find  the  other  angles.  Then  in  the  triangle  BPX 
are  known  all  the  angles  and  the  side  BX  to  find  EP.  In 
the  triangle  BQY,  BQ  is  found  in  liko  manner.  Finally,  m  die 
triangle  BPQ,  PQ  can  then  be  found. 

If  desired,  we  can  also  obt^  AP  in  the  triangle  APB ;  and  CQ 
in  the  triangle  CBQ. 

(137)  Problem!  Four  points,  A,  B,  C,  D,  being  given  ot 
position,  by  their  mutual  distances  and  directions,  and  two  cthtr 
points,  P  and  Q,  being  so  situated  that  from  each  of  them  two  cf 
the  four  points  can  be  seen  and  the  angles  APB,  APQ,  PQC  cmd 
PQD  measured,  it  i»  required  to  determine  the  position  of  P  amlQ.'     ' 
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29ft 


Fig.  300. 


.y 


-'P 


d        * 


Construction.  Begin  as  in  the  last  artice,  by  describing  on 
AB  the  segment  of  a  circle  to  contain  an  angle  equal  to  APB. 
From  B  draw  a  chord  BE,  making  an  angle  with  BA  equal  to  the 
supplement  of  the  angle  APQ.  On  CD  describe  another  segment 
to  contain  an  angle  equal  to  CQD.  From  C  draw  a  chord  CF, 
making  an  angle  with  CD  equal  to  the  supplement  of  the  angle 
DQP.  Draw  the  Ime  EF,  and  it  will  cut  the  two  circles  in  the 
required  points  P  and  Q.* 

Calculation.  To  obtain  PQ  =  EF  —  EP  —  QF,  we  proceed 
to  find  those  three  lines  thus.  In  the  triangle  ABE,  we  know  the 
side  AB,  the  angle  ABE,  and  the  angle  AEB  =  APB;  wherice 
to  find  EB.  In  the  same  way,  the  triangle  CFD  gives  FC.  In 
.the  triangle  EBC  are  known  EB  and  BC,  and  the  angle  EBC  = 
ABC  —  ABE ;  whence  EC  and  the  angle  ECB  are  found.  In 
the  triangle  ECF  are  known  EC,  FC,  and  the  angle  ECF  =  BCD 
—  ECB  —  FCD ;  whence  we  find  EF,  and  the  angles  CEF  and 
CFE. 

In  the  triangle  BEP,  we  have  EB,  the  angle  BEP  =  BEC  + 
CEP,  and  the  angle  BPE  =  BPA  +  APE  ;  to  find  EP  and  PB. 
In  the  triangle  QCF,  we  have  CF,  and  the  angles  CQF  and  CFQ, 
to  find  QC  and  QF.     Then  we  know  PQ  =  EF — EP  —  QF. 


•  For,  the  angle  APQ  in  the  figure  equals  the  measured  angle  APQ,  because 
the  supplement  of  the  former,  EPA,  equals  the  supplement  of  the  latter,  since  it 
is  measured  by  the  same  arc  as  the  angle  ABE,  equal  to  that  supplement  by  cou* 
•traction.     So  too  with  the  angle  DQP. 
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The  other  distances,  if  desired,  can  be  easily  found  from  the  abow 
data,  some  of  the  calculations,  not  needed  for  PQ,  being  mado  wiA 
reference  to  them.  In  the  triangle  ABP,  we  know  AB,  BP,  and 
the  angle  BAP,  to  End  the  angle  ABP  and  AP.  In  the  trianglt 
QDC  we  know  QC,  CD,  and  the  angle  CQD,  to  find  the  angle 
QCD  and  QD.  In  the  triangle  PBC,  we  know  PB,  EC,  and  tis 
angle  PBC  =  ABC  —  ABP,  to  find  PC.  Lastly,  in  the  hrian^ 
QCB,  we  know  QC,  CB,  and  the  angle  QCB  =  DCB— DCQ,tiJ 
find  QE. 

The  solution  of  this  problem  includes  the  two  preceding;  ftir,let 
the  line  BC  be  reduced  to  a  point  eo  that  its  two  ends  come  teg^ 
ther  and  the  three  lines  become  two,  and  we  have  the  proUem 
of  Art,  (136) ;  and  let  the  line  AB  be  reduced  to  a  point,  B, 
and  CD  to  a  point,  C,  and  we  have  but  one  line,  and  the  pnUem 
becomes  that  of  Art.  (433). 

In  these  three  problems,  if  the  two  stations  lie  in  a  ri^t  Sn" 
witli  one  of  the  giycn  points,  the  problem  is  indetenmnatfi. 

(438)  Problem  of  Ihe  eigbl  poinls.    FourpoinU,  A,B,G,I7« 

are  inaccessible,  but  visible  Fig.  3oi.  ^^m 

from  four  other  points,  E,  ^  ?  .^^1 

F,  G,  H ;  it  is  rehired  to 
find  the  respective  distances 
of  these  eight  points  ;  the 
only  data  being  the  obser- 
vation, from  each  of  the 
points  of  the  second  sys- 
tem, of  the  angles  under 
which  are  seen  the  points 
of  the  first  system. 

This  problem  can  be  solved,  hut  the  great  length  and  complica- 
tion of  the  investigation  and  resulting  formulas  render  it  more  a 
matter  of  curiosity  than  of  utility.  It  may  be  found  in  Puiasaot's 
"  Topographie"  page  55 ;  Lefevre's  "  Trigonometrie"  p.  90,  utd 
Lefevre's  "  Arpentage,"  No,  387. 
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CHAPTER  IV. 


TO  SUPPLY  OMISSIONS. 


(IN)  Any  two  omissions  in  a  closed  survej,  whoiher  of  the 
Ineciion  or  of  the  length,  or  of  both,  of  one  or' more  of  the  sides 
boonding  the  area  surveyed,  can  always  be  supplied  by  a  suitable 
ipplication  of  the  principle  of  Latitudes  and  Departures,  as  was 
stated  m  Art.  (28S) ;  although  this  means  should  be  resorted  to 
only  m  cases  of  absolute  necessity,  since  any  omission  renders  it 
impoeaible  to  "  Test  the  survey,*'  as  directed  in  Art.  (282).  In 
the  foDowing  articles  the  survey  will  be  considered  to  have  been 
Dwde  with  the  Compass.  All  the  rules  will  however  apply  to  a 
T^rmit  or  Theodolite  survey,  the  angles  being  referred  to  any  line 
M  a  meridian,  as  in  "  Traversing." 
To  save  unnecessary  labor,  the  examples  in  the  vanuas  cases 

<M>w  to  be  examined,  will  all  be  taken 

fiwn  the  same  survey,  a  plat  of  which 

^  9^en  in  the  mar^  on  the  scale  of 

40  chains  to  1  inch  (1:81,680),  and   ^^ 

fte  Reld-notes   of  which,  with  the 

latitudes  and  Departures  carried  out  a 

^  five  decimal  places,  are  given  on 

the  following  page.* 


*  Tbe  teacher  can  make  any  namber  of  ex^mplei  for  his  own  use  by  takiag 
•  tolerably  accurate  sanrey,  striking  oat  the  bearing  and  distance  of  any  ene 
coons,  and  calculating  it  precisely  as  in  Case  1,  given  below.  He  can  then  omit 
•Bj  Iwo  quantities  at  will,  to  be  supplied  by  the  student  by  means  of  the  mloa 
M)w  to  be  given. 
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Case  1.    When  the  length  and  the  Bearing  of  ang  one  side  art 

wanting . 

(440)  Find  the  Latitudes  and  the  Departures  of  the  remamng 
sides.  The  difference  of  the  Nortli  and  South  Latitudes  of  these 
lines,  is  the  Latitude  of  the  omitted  line,  and  the  difference  of  their 
Departurea  ia  its  Departure.  This  Latitude  and  Departure  are  two 
sides  of  a  right  angled  triangle  of  which  the  omitted  Una  is  the 
hjpothenuae.  Its  length  is  thereforo  equal  to  the  square  root  of 
the  sum  of  their  squares,  and  the  quotient  of  the  Departure  dirided 
by  the  Latitude  is  the  tangent  of  its  Bearing ;  as  in  Art.  (417). 

Li  the  aboTo  survey,  suppose  the  course  from  F  to  A  to  hare 
been  omitted  or  lost.  The  difference  of  the  Latitudes  of  ibe 
remaining  courses  will  be  found  to  bo  1314.69682,  and  the  di&> 
cnce  of  the  Departures  to  be  4430.55725.  The  square  root  of  Aft 
sum  of  their  squares  is  4621.5 ;  and  the  quotient  of  the  Departnie 
divided  by  the  Latitude  ia  the  tangent  of  73°  28'  21".  The  de- 
ficiencies were  in  North  Latitude  and  West  Departure ;  and  the 
omitted  course  is  therefore  N.  73"  28'  21"  W.,  4621.5 

Case  2.  ■  WJien  tJie  length  of  one  side  and  tJie  Bearing  of 
another  a 


(441)  When  (he  deflcient  sides  adjoin  each  olber.    Fmd,  u 

in  Case  1,  the  length  and  Bearing  of  the  line  joining  the  ends  of 
the  remaining  courses.  This  line  and  the  deficient  lines  will  form  t 
triangle,  in  which  two  sides  will  be  known,  and  the  angle  between 
the  calculated  side  and  the  side  whose  Bearing  Ja  given  can  be 
found  by  Art.  (243).  Tlie  parts  wanting  can  then  be  obtuned 
by  the  common  rules  of  Trigonometry. 
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Fig.  303. 


In  the  figure,  let  the  length  of  EF, 
and  the  Bearing  of  FA  be  the  omitted 
parts.  The  difference  of  the  sums  of 
the  N.  and  S.  Latitudes,  and  the  E. 
and-  W.  Departures  of  the  complete  B 
courses  from  A  to  E,  are  respectively 
1405.32477  North  Latitude,  and  J^ 
5314.34587  East  Departure.  The 
course,  EA,  corresponding  to  this  de- 
Sciencj  we  find,  bj  proceeding  as  in  case  1,  to  be  S.  75''  11'  15 
W.,  5497.026.  The  angle  AEF  is  therefore  =  75°  11'  15" 
18*^  =  Sr  11'  15".  Then  in  the  triangle  AEF  are  given  the 
sides  AE,  AF,  and  the  angle  AEF  to  find  the  remaining  parts ; 
viz.  the  angle  AFE  =  9r  28'  21",  whence  the  Bearing  of 
FA  =  9r  28'  21"  — 18°  =  N.  73°  28'  21"  W.;  and  the  side 
EF  =  2860. 


(442)  When  tbe  deikieiit  sides  are  separated  from  each  other. 

A  modification  of  the  preceding  method  will  still  apply.     Li  this 

figure  let  the  omissions  be  the  Bearing 

of  FA  and  the  length  of  CD.    Lnagine 

the- courses  to  change  places  without 

changing  Bearings  or  lengths,  so  as  to 

bring  the  deficient  lines  next  to  each   B 

other,  by  transferring  CD  to  AG,  AB 

to  GH,  and  BC  to  HD.     This  wiU  not  A*- 

affect  their  Latitudes  or  Departures. 

JoinGF.   Then  in  the  figure  DEFGH, 

the  liatitudes  and  Departures  of  all  the  sides  but  FG  are  known, 

whence  its  length  and  Bearing  can  be  found  as  in  Case  1. 

Then  the  triangle  AGF  may  be  treated  like  the  triangle  AEF 

in  the  last  article,  to  obtain  the  length  of  AG  =  CD,  and  the  Bear* 

mgofFA. 


(443)  Otherwise^  by  changing  the  Meridian.  Imagine  the  field 
to  turn  around,  till  the  side  of  which  the  distance  is  unknown, 
becomes  the  Meridian,  i.  e.  comes  to  be  due  North  and  South  * 


I 
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all  the  other  sides  retalnmg  their  relative  positions,  and  contiming 
to  make  the  same  ajigles  with  each  other.  Change  their  Beariop, 
accordingly,  as  directed  in  Art,  (211).  Find  tlio  Latitudes  ud 
Departures  of  tho  aides  in  their  new  positions.  Since  the  ode 
whose  length  was  unknown  has  been  made  tho  Meridian,  it  Iu»no 
Departure,  whatever  may  be  its  unknown  length ;  and  the  differenee 
of  the  columns  of  Departure  will  therefore  be  the  Departure  of  tk* 
Bide  whose  Bearmg  is  unknown.  Tlie  length  of  this  side  is  girau 
It  is  the  hjpothenuse  of  a  right  angled  triangle,  of  which  the  De- 
jiarture  is  one  side.  Ilonce  the  other  side,  which  is  the  Latieade, 
can  be  at  once  found ;  and  also  the  unknown  Bearing. 

Put  this  Latitude  in  the  Table  in  the  blank  where  it  belongs. 
Then  add  up  the  columns  of  Latitude,  and  the  difference  of  thc'ir 
sums  will  be  the  unknown  length  of  the  side  which  had  been  msde 
a  Meridian.' 

Let  the  omitted  quantities  be,  as  in  the  last  article,  the  length 
of  CD  and  the  (Bearing  of  FA. 
Make  CD  the  Meridian.  The  chang- 
ed Bearings  will  then  be  found  by 
Art.  (2i4)  to  be  as  in  the  mai^. 
To  aid  the  imagination,  turn  the 
book  around  till  CD  points  up  and 
down,  as  North  lines  are  oaiiilly 
placed  on  a  map.  Then  obt^n  the  Latitudes  of  the  courses  irith 
their  new  Bearings  and  old  distances,  and  proceed  as  has  been 
directed. 

Case  3.     WTimi  the  lengths  of  two  sides  are  vanting. 

(411)  When  (be  deficient  sides  adjoin  each  olber.    Fmd  the 

Latitudes  and  Departures  of  liie  other  courses,  and  tlien,  by  Csse 
] ,  find  the  length  and  Bearing  of  the  line  joining  the  estremitiM 
of  tho  deficient  courses.  Then,  in  tho  triangle  thus  formed,  iw 
known  one  side  and  all  the  angles  (deduced  from  tho  Bearinga)  tff 
End  the  lengths  of  the  other  two  sides. 
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Thus,  in  Kg.  303,  page  299,  let  EF  and  FA  be  t!ie  Bidea  ivhosa 
lengths  are  unknown.  EA  is  then  to  be  calculated,  and  ita  length 
will  be  found,  as  in  Art.  (UI),  to  be  5497.026,  and  its  bearing 
S.  75'  ir  15"  W.,  whence  the  angle  AEF=  76°  11'  15" —  18° 
=  570  11'  15" ;  APE  =  18°  +  73"  28'  21"  =  91"  28'  21" ;  and 
EAF  =  3r20'24";  whence  can  be  obtained  EF=s2860  and 
FA  =  4621.5. 

(445)  WbcD  the  deficient  sides  are  separated  trom  each  other 

Let  the  lengths  of  EC  and  DE  be  those  pig_  3oj_ 

omitted.  Again  imagine  the  courses 
to  change  places,  so  as  to  bring  the 
deficient  line 3  together,  DE  being  / 
transferred  to  CG,  and  CD  to  GE.  ''i'-~— - 
Join  EG.  Tlien  in  the  figure 
AEGEFA,  are  known  the  Latitudes 
and  Departures  of  all  tlie  courses  ex- 
cept BG,  jhenee  its  length  and  Bearing  *" 
can  be  found  as  in  Case  1.  Then  in  the  triangle  BCG,  the  angle 
CBG  can  be  found  from  the  Bearings  of  CE  and  BG,  and  the  angle 
CGE  from  the  Bearings  of  BG  and  GC.  Then  all  the  angles  of 
the  triangle  are  known  and  one  side,  BG,  whence  to  6nd  the 
required  sides,  EC  =  1782,  and  CO  =  DE  =  2700. 

(446)  Other wi9e,bj/  changing  the  Meridian.     As  in  Art.  (44S), 

imagine  the  field  to  turn  around,  till  ono  of  the  sides  whose  length 
is  wanting,  becomes  a  Meridian  or  duo  North  and  South.  Change 
all  the  Bearings  corresiwndingly.  Find  the  Latitudes  and  Depar- 
torea  of  the  changed  courses.  The  difference  of  the  columns  of 
Departure  will  be  the  Departure  of  the  second  course  of  unknown 
length,  since  the  course  made  Meridian  has  now  no  Departure, 
The  new  Bearing  of  this  second  course  being  given,  in  the  right 
angled  triangle  formed  by  this  course  (as  an  hypotbcnuse)  and  ita 
Departure  and  Latitude,  we  know  one  side,  the  Departure,  and 
the  acute  angles,  which  are  the  Bearing  and  its  complement.  The 
length  of  the  course  is  then  readily  calculated  ;  and  also  its  Lati- 
tude.    Tliis  Latitude  being  inserted  in  ita  proper  place,  the  Jiffer- 
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encQ  of  the  eolumna  of  Latitude  will  be  tie  length  of  that  vaii^ 
side  which  had  been  made  a  Meridian. 

Thu3,  let  the  lengths  of  BC  and  DE  be  wanting,  aa  in  the  pre-' 
cedJDg  example.  Make  BC 
2.  Meridian.  The  other  £ew> 
ings  are  then  changed  as  in 
the  margin.  Calculate  new 
Latitudes  and  Departures. 
The  difference  of  the  Depa> 
tures  will  be  the  Departon 
of  DE,  since  BC,  being  a  Meridian,  has  no  Departure.  Hence  the 
length  and  Latitude  of  DE  arc  readily  obtained.  This  Latitude 
being  put  in  the  table,  and  the  columnB  of  Latitude  then  added  im, 
their  difference  will  be  the  length  of  BC. 

Case  4.     When  the  Bearings  of  two  aides  are  wanting. 

(147)  When  Ihe  deOcfent  sides  adjoin  each  oUicr.    Fmd  thu 

Latitudes  and  Departures  of  the  other  sides,  and  tbea,  §s  in  Cue 
1,  find  the  length  and  bearing  of  the  line  joining  the  extremifes 
of  the  deficient  sidea.  Then  in  tbo  triangle  thus  formed  ire  h»Te 
the  three  sides  to  find  the  angles  and  thence  the  Bearings, 


(448)  When  the  deficient  sides  are  separated  f^om  eack  •Oir 

Change  the  places  of  the  sides  so  as  to  bring  the  deficient  onei 

next  to   each   other.     Thus,  in  the  Fig.  30G. 

figure,  supposing  the  Bearings  of  CD, 

and  EF  to  bo  wanting,  transfer  EF  to 

DG,  and  DE  to  GF.     Then  calculate, 

as  in  Case  1,  the  lengtli  and  Bearing   b  / 

of  tiie  line  joining  the  extremities  of 

the  deficient  sides,  CG  in  the  figure. 

This  Ime  and  the  deficient  sides  form  a 

tnangle  la  which  the  three  sides  are 

given  to  detemune  the  angles  and  thence  the  required  Beum^ 

•  Tbe  fulleet  investigation  of  this  BUliject,  deTeloping  miuij  curious  pointi,  "i'J 
be  found  in  Moscheroni's  "Prablhmt  de  Oiametrit  pour  lis  Arpenlturt^  uid  Uiir 
''i\\iit€\"Polsgonomitrie."    Ths  method  of  Arta.  (US),  (446),  and  (448)  it  uv. 


PAET  VIII. 


PLANE  TABLE  SURVEYING. 


(Ill)  Thb  Plane  Table  is  in  substance  merely  a  drawing  board 
fixed  on  a  tripod,  so  that  lines  may  be  drawn  on  it  by  a  ruler  placed 
BO  as  to  point  to  any  object  in  sight.  All  its  parts  are  mere  addi- 
tions to  render  this  operation  more  convenient  and  precise.'*' 

Such  an*  arrangement  may  be  applied  to  any  kind  of  ^'  Angular 
Surveying'' ;  such  as  the  Third  Method,  "  Polar  Surveying,"  in 
its  two  modifications  of  Radiation  and  Progresmny  (characterized 
niArt.  (220)),  and  the  Fourth  Method,  by  Intersections.  Each 
rf  these  will  be  successively  explained.  The  instrument  is  very 
convenient  for  filling  in  the  details  of  a  survey,  when  the  principal 
pomts  have  been  determined  by  the  more  precise  method  of  "  Tri- 
*^6alar  Surveying,"  and  can  then  be  platted  on  the  paper  in 
^Tance.  It  has  the  great  advantage  of  dispensing  with  all 
^t»8  and  records  of  the  measurements,  since  they  are  platted  as 
^^7  are  made.  It  thus  saves  time  and  lessens  mistakes,  but  is 
wanting  in  precision. 

(450)  The  Tablet  It  is  usually  a  rectangular  board  of  well 
3^^ned  pine,  about  20  inches  wide  and  80  long.  The  paper  to 
J^  drawn  upon  may  be  attached  to  it  by  drawing-pins,  or  by  clamp- 
"^8  plates  fixed  on  its  sides  for  that  purpose,  or  by  springs  pressed 
^Poa  it,  or  it  may  be  held  between  rollers  at  opposite  sides  of  the 
"^We.  Ented  paper  is  less  dazzling  in  the  sun.  Cugnot's  joint, 
described  on  page  134,  is  the  best  for  connecting  it  with  its  tripod, 
*^gh  a  pair  of  parallel  plates,  like  those  of  the  Theodolite,  are 
^ften  TBed.  A  detached  level  is  placed  on  the  board  to  test  its 
"^naontality ;  though  a  smooth  ball,  as  a  marble,  will  answer  the 
"^^  purpose  approximately. 

Th«p|aB«  Tible  Is  nota  GaniomtUTt  or  Anffl&fn«a9tir$,Vk»  the  OompiM^ TniMlti  tek ; 
*  ^^niifraph,  or  Angl0^rawtr. 


^^^^  porb 


A  pair  of  sights,  like  those  of  the  compass,  are  i 
placed  under  the  board,  serving,  like  a  "  Watch  Telescope,"  (Art 
(339))  to  detect  any  movement  of  the  instrument.  To  findirhit 
point  OQ  the  lower  side  of  the  board  is  exactly  under  a  poiot  en 
the  upper  side,  so  that  by  suspending  a  plumb-line  from  the  fonner 
the  latter  may  be  exactly  over  any  desired  point  of  grotind,  a  large 
pair  of  "  eallipera,"  or  dividers  with  curved  legs,  may  be  usedgOiw 
of  tieir  points  being  placed  on  the  upper  point  of  the  board,  and 
their  other  point  then  determining  the  corresponding  under  point; 
or  a  frame  forming  three  sides  of  a  rectangle,  like  a  slate  fnmc, 
may  be  placed  so  that  one  end  of  one  side  of  it  touches  the  upper 
point,  and  the  end  of  the  corresponding  side  is  under  tiie  table 
precisely  below  the  given  point,  so  that  from  this  end  a  plumb-liBe 
can  he  dropped.  A  compass  is  sometimes  attached  to  the  table. 
nr  a  detached  compass,  consisting  of  a  needle  in  a  narrow  boi, 
(called  a  Declinator),  b  placed  upon  it,  as  deared.  The  edges 
of  the  tablo  are  sometimes  divided  into  degrees,  like  the  "  Drawing 
board  Protractor,"  Art.  (273)-  It  then  becomes  a  sort  of  Gmuo 
meter,  hke  that  of  Art.  (213). 

(451)  The  Alidade.  The  ruler  has  a  hducial  or  featlicr  edge, 
which  may  be  divided  into  inches,  tenths,  &c.  At  each  end  it 
carries  a  sight  hke  those  of  tlie  compass.  Two  needles  vrould  be 
tolerable  substitutes.  The  sights  project  beyond  its  edge  so  thit 
their  centre  lines  shall  be  precisely  in  the  same  vertical  plane  as  Uiw 
edge,  in  order  that  tlie  lines  drawn  by  it  may  correspond  to  lis 
lines  sighted  on  by  them.  To  test  this,  fix  a  needle  in  the  board, 
place  the  ruler  against  it,  sight  to  some  near  point,  draw  alina 
by  the  ruler,  turn  it  end  for  end,  again  place  it  against'  the  neeiilf , 
again  sight  to  the  same  point,  and  draw  a  new  line.  If  it  coincides 
with  the  former  line,  the  above  condition  is  satisfied.  The  ruler 
and  sights  together  take  the  name  oi  Alidade.  If  a  point  should 
he  too  high  or  too  low  to  be  seen  with  the  ahdade,  a  plumb-line, 
held  between  the  eye  and  the  object,  will  remove  the  difficulty. 

A  telescope  is  sometimes  substituted  for  the  sights,  being  np- 
ported  above  the  ruler  by  a  standard,  and  capable  of  pobting 
upward  or  downward.     It  adroita  of  adjustments  similar  in  principle 
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to  the  2d  and  3d  adjustments  of  the  Transit,  Part  IV,  Chapter  3, 
pages  242  and  246. 

But  even  without  these  adjustments,  whether  of  the  sights  or 
of  the  telescope,  a  survey  could  be  made  which  would  be  per- 
fectly correct  as  to  the  relative  position  of  its  parts,  however  far 
the  line  of  sight  might  be  from  lying  in  the  same  vertical  plane 
as  the  edge  of  the  ruler,  or  even  from  being  parallel  to  it ;  just  as 
in  the  Transit  or  Theodolite  the  index  or  vernier  need  not  to  be 
exactly  under  the  vertical  hair  of  the  telescope,  since  the  angular 
deviation  affects  all  the  observed  directions  equally. 

(452)  Metbod  of  Radiation*  This  is  the  simplest,  though  not 
the  best,  method  of  surveying  with  the  Plane-table.  It  is  especi' 
ally  applicable  to  survey- 
ing a  field,  as  in  the  figure. 
In  it  and  the  following  fi- 
gures, the  size  of  the  Table 
is  much  exaggerated.  Set 
the  instrument  at  any  conve- 
nient point,  asO;  level  it,  ^ 
and  fix  a  needle  (having  a 
head  of  sealing-wax)  in  the 
board  to  represent  the  star  F  D 

tion.  Direct  the  alidade  to  any  comer  of  the  field,  as  A,  the  fiducial 
edge  of  the  ruler  touching  the  needle,  and  draw  an  indefinite  line  by 
it.  Measure  OA,  and  set  off  the  distance,  to  any  desired  scale,  from 
the  needle  point,  along  the  line  just  drawn,  to  a.  The  line  OA  is 
thus  platted  on  the  paper  of  the  table  as  soon  as  determined  in  the 
field.  Determine  and  plat  in  the  same  way,  OB,  OC,  &c.,  to  6,  c, 
&c.  Join  ai,  hc^  &c.,  and  a  complete  plat  of  the  field  is  obtained. 
Trees,  houses,  hills,  bends  of  rivers,  &c.,  may  bo  determnied  in 
the  same  manner.  The  corresponding  method  with  the  Compass 
or  Transit,  was  described  in  Articles  (258)  and  (391).  The  table 
may  be  set  at  one  of  the  angles  of  the  field,  if  more  convenient. 
If  the  alidade  has  a  telescope,  the  method  of  measunng  distances 
with  a  stadia,  described  in  Art.  (375),  may  be  here  applied  with 
great  advantage. 
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(453)  Method  of  Progression, 
to    he    surveyed. 
Fix  a  needle  at  a 
convenient     point 
of  the  Plane-table,  \ 
uear  a  comer  so 
aa  to  leave  room 
for  the  plat,  and 
set  up  the  table  at 
B,  the  second  an-     ' 
gle  of  the  line,  ao 
that    the   needle, 

whose  point  repre-  

senta  B,  and  which  ahould  ho  named  6,  shall  be  exactly  over  d»t 
station.  Sight  to  A,  pressing  the  fiducial  edge  of  tbe  ruler  agunst 
the  needle,  and  draw  a  line  by  it.  Measure  BA,  and  set  off  its 
length,  to  the  desired  scale,  on  the  line  just  dravm,  from  ft  to  a 
point  a,  representing  A.  Then  sight  to  C,  draw  an  indefiniw  line 
by  the  ruler,  and  on  it  act  off  tho  length  of  BC  from  b  to  e.  Pis 
the  needle  at  c.  Set  up  at  C,  the  point  c  being  over  this  stadon, 
and  make  the  line  cb  of  the  plat  coincide  in  direction  with  CB  oa 
the  ground,  by  placing  the  edge  of  the  ruler  on  cb,  and  turning  tlie 
table  till  tho  sights  point  to  B.  ITie  compass,  if  the  table  hare 
one,  will  facihtate  this.  Then  sight  forward  from  C  to  D,  and  fix 
CD,  cd  on  the  plat,  as  be  was  fixed.  Set  up  at  D,  make  dc  comcide 
with  DC,  and  proceed  as  before.  Tho  figure  shews  tlie  lines 
drawn  at  each  successive  station.  The  Table  drawn  at  A  shews 
how  the  survey  might  be  commenced  there. 

In  going  around  a  field,  the  work  would  be  proved  by  the  last 
line  "closing"  at  the  starting  point ;  and,  during  tho  progressed 
the  survey,  by  any  direction,  as  from  C  to  A  on  the  ground,  own- 
cidiug  with  the  corresponding  lino,  ca,  on  the  plat. 

This  method  is  substantially  the  same  aa  tho  method  cf  sur?ey- 
ing  a  Imc  with  tlie  Transit,  explained  in  Art.  (332).  It  require! 
all  tho  points  to  be  accessible.  It  ia  especially  suited  to  the  sur 
voy  of  a  road,  a  brook,  a  winding  path  tlirough  woods,  &c.  Tht 
oiBota  required  may  often  be  sketched  i 
precision. 
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When  the  paper  is  filled,  put  on  a  new  sheet,  and  begin  by  fixing 
oil  it  two  points,  such  as  C  and  D,  which  were  on  the  former  sheet, 
and  from  them  proceed  as  before.  The  sheets  can  then  be  after- 
wards imited,  so  that  all  the  points  on  both  shall  be  ih  their  true 
relative  podtions. 

(454)  Method  of  InterseeUon*  This  is  the  most  usual  and 
Oke  most  rapid  method  of  using  the  Plane-table.  The  principle 
was  referred  to  in  Articles  (259)  and  (392).  Set  up  the  instru- 
ment at  any  convenient  point,  as  X  in  the  figure,  and  sight  to  all 

Fig.  309. 
B  C 


tlie  desired  points  A,  B,  C,  &c.,  which  are  visible,  and  draw  inde- 
finite lines  in  their  directions.  Measure  any  line  XY,  Y  being 
one  of  the  points  sighted  to,  and  set  off  this  line  on  the  paper  to 
any  scale.  Set  up  at  Y,  and  turn  the  table  till  the  line  XY  on 
the  paper  lies  in  the  direction  of  XY,  on  the  ground,  as  at  G  in  the 
last  method.  Sight  to  all  the  former  points  and  draw  lines  in  their 
directions,  and  the  intersections  of  the  two  lines  of  sight  to  each 
pwnt  will  determine  them,  by  the  Fourth  Method,  Art.  (8). 
Points  on  the  other  side  of  the  line  X  Y  could  be  determined  at  the 
same  time.  In  surveying  a  field,  one  side  of  it  may  be  taken  for 
the  base  XY.  Very  acute  or  obtuse  intersections  should  be 
avoided.  80°  and  160°  should  be  the  eoctreme  limits.  The  impos- 
sibility of  always  doing  this,  renders  this  method  often  deficient  in 
precifflon.  When  the  paper  is  filled,  put  on  a  new  sheet,  by  fixing 
on  it  two  known  pomts,  as  m  the  preceding  method. 


(155)  Method  or  Resection.    TMs  method  (called  b;  the  French 
Hecoupement)  ia  a  modification  of  the  preceding  method  of  Inter 


Bection.  It  requires  the  meaaurement  of  only  one  distance,  bat  i 
the  points  must  be  accessible.  Let  AB  be  the  measured  distance. 
Lay  it  off  on  the  paper  as  ab.  Set  the  table  up  at  B,  and  hun  it 
till  the  line  la  on  the  paper  coincides  with  BA  on  the  ground,  a 
in  the  Method  of  Progression.  Then  sight  to  C,  and  draw  an  indfr 
finite  line  by  the  ruler.  Set  up  at  C,  and  turn  the  line  last  drawn 
80  as  to  point  to  B.  Fix  a  needle  at  a  on  tho  tabic,  place  tlie 
alidade  against  tho  needle  and  turn  it  till  it  sights  to  A.  Then  the 
point  in  ^Thich  the  edge  of  the  ruler  cuts  the  line  drawn  from  B 
Vfill  be  tho  point  c  on  the  table.  Nest  sight  to  D,  and  dran  an 
indefinite  line.  Set  up  at  D,  ofad  make  the  line  last  drawn  pwnt 
to  0,  Then  fix  the  needle  at  a  or  b,  and  by  the  alidade,  as  at  the 
last  station,  get  a  new  line  back  from  either  of  them,  to  cut  the  Inst 
drawn  line  at  a  point  which  will  be  if.  So  proceed  as  far  as  ile> 
sired.  i 

C156)  To  Orient  tbe  table.*  The  operation  of  orientatioa  cod- 
sista  in  placing  the  table  at  any  point  bo  that  its  Unea  shall  Han 
the  same  dircctiona  aa  when  it  una  at  previoua  statkina  in  the  unw 
Burvey. 


'  The  French  phraie,  To  Brieni  one' 
nniaUy  with  reaped  ta  tbo  four  qnarlE 
•he  leading  oiii!,  well  deseiTes  nalural 


.  self,  m^aniDg  to  ddtrrmiBe  one's  paudoiii 
1  of  Ihe  heavens,  of  which  the  Onent  ii 

olioD  in  our  langauge. 
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Fig.  311. 


"With  a  cgmpass,  this  is  very  easily  effected  by  turning  the  table 
till  the  needle  of  the  attached  compass,  or  that  of  the  Declinator, 
placed  in  a  fixed  position,  points  to  the  same  degree  as  when  at 
the  previous  station. 

Without  a  compass  the  table  is  oriented,  when  set  at  one  end  of 
^a  Ime  previously  detennmed,  by  sighting  back  on  this  line,  as  at  C 
in  the  Method  of  Progression,  Art.  (453). 

To  orient  the  table,  when  at  a  station  unconnected  with  others, 
is  more  difficult.  It  may  be 
effected  thus.  Let  ab  on  the  ta- 
ble repi^sent  a  line  AB  on  the 
ground.  Set  up  at  A,  make  ab 
coincide  with  AB,  and  draw  a 
line  from  a  directed  towards  a 
steeple,  or  other  conspicuous  ob- 
ject, as  S.  Do  the  same  at  B.  Draw  a  line  cdj  parallel  to  abj 
and  intercepted  between  aS,  and  JS.  Divide  ab  and  cd  into  the 
same  number  of  equal  parts.  The  table  is  then  prepared.  Now 
let  there  be  a  station,  P,  p  on  the  table,  at  which  the  table  is  to  be 
oncnted.  Set  the  table,  so  that  p  is  over  P,  apply  the  edge  of  the 
ruler  to  p^  and  turn  it  till  this  edge  cuts  cd  in  the  division  corre- 
sponding to  that  in  which  it  cuts  ab.  Then  turn  the  table  till  the 
Bights  point  to  S,  and  the  table  will  be  oriented. 


(157)  To  And  one's  place  on  the  ground*  This  problem  may 
be  otherwise  expressed  as  Interpolating  a  point  in  a  plat.  It  is 
most  easily  performed  by  reversing  the  Method  of  Intersection. 
Set  up  the  table  over  the  station, 
O  in  the  figure,  whose  place  on 
the  plat  already  on  the  table  is 
desired,  and  orient  it,  by  one  of 
the  means  described  in  the  last 
article.  Make  the  edge  of  the 
ruler  pass  through  some  point,  a 
on  the  table,  and  turn  it  till  the 
Bights  point  to  the  corresponding 
station,  A  on  the  ground.     Draw  a  line  by  the  ruler.    The  desired 
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point  is  somenhcre  in  this  line.  Make  the  ruler  pass  Uu-oo^ 
another  point,  b  on  the  tabic,  and  make  the  sights  point  to  B  on 
the  ground  Draw  a  second  line,  and  its  intersection  with  the 
first  will  be  the  point  desired.  Using  C  in  the  same  way  would 
give  a  third  Hne  to  prove  the  work.  This  operation  may  be  used 
as  a  new  method  of  surveying  with  the  plane-table,  since  anj 
number  of  points  can  have  their  places  fixed  in  the  same  manner. 
This  pi-oblem  may  also  be  executed  on  the  principle  of  Trilineif 
Surveying.  Three  points  being  given  on  the  table,  lay  on  it  a  piece 
of  transparent  paper,  fix  a  needle  any  where  on  this,  and  with  the 
alidade  sight  and  draw  lines  towards  each  of  these  three  pomta 
on  the  ground.  Then  use  this  paper  to  find  the  desired  point,  pre- 
cisely as  directed  in  the  last  sentence  of  Art.  (898),  page  277. 


(ISS)  luacccssible  distances.    Many  of  the  problems  in  Put 

VH.  can  be  at  once  solved  on  tlie  gi-ound  by  the  plane-tablo,  ance 
it  is  at  the  same  time  a  Goniometer  and  a  Protractor.  Thus,  the 
Problem  of  Art,  (435)  may  be  solved  as  follows,  on  tlie  priacifJe 
of  the  construction  in  the  last  paragraph  of  that  article.  Set  the 
table  at  C.  ifark  on  it  a  point,  c',  to  represent  C,  placing  e" 
vertioaUy  over  C.  Sight  to  A,  B  and  D,  and  draw  correspondii^ 
lines  from  c'.  Set  up  at  D,  mark  any  point  on  the  line  drawn  from 
c'  towards  D,  and  call  it  d'.  Let  d'  bo  exactly  over  D,  and  direct 
d'c'  toward  C.  Then  sight  to  A  and  E,  and  draw  corresponding 
lines,  and  their  intersections  with  the  Imes  before  drawn  towards 
A  and  B  will  fix  points  a'  and  6'.  Then  on  the  line  joining  a  and 
b,  given  on  the  paper  to  represent  A  and  B,  aJ  being  equal  to  AB 
on  any  scale,  construct  a  figure,  abed,  similar  to  a'b'c'd',  and  ths 
line  ed  thus  determined  will  represent  CD  on  the  same  scale  as  AB 
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SURVEYING  WITHOUT  INSTRUMENTS. 

(450)  Thb  Principles  which  were  established  in  Part  I,  and  subse- 
qnentlj  applied  to  surveying  with  various  instruments,  may  also  be 
employed,  with  tolerable  correctness,  for  determining  and  represent- 
ing the  relative  positions  of  larger  or  smaller  portions  of  the  earth's 
surface  without  any  Instruments  but  such  as  can  be  extemporized. 
The  prominent  objects  on  the  ground,  such  as  houses,  trees,  the 
summits  of  hills,  the  bends  of  rivers,  the  crossings  of  roads,  &c., 
are  regarded  as  "pomts"  to  be  "determined."    Distances  and 
angles  are    consequently  required.      Approximate   methods   of 
obtaining  these  will  therefore  be  first  given. 

(4M)  Distances  Dy  pacing*  Quite  an  accurate  measurement 
of  a  line  of  ground  may  be  made  by  walking  over  it  at  a  uniform 
pace,  and  counting  the  steps  taken.  But  the  art  of  walking  in  a 
straight  line  must  £rst  be  acquired.  To  do  this,  fix  the  eye  on  two 
objects  in  the  desired  line,  such  as  two  trees,  or  bushes,  or  stones, 
or  tufts  of  grass.  Walk  forward,  keeping  the  nearest  of  these 
objects  steadily  covering  the  other.  Before  getting  up  to  the 
nearest  object,  choose  a  new  one  in  line  farther  ahead,  and  then 
proceed  as  before,  and  so  on.  It  is  better  not  to  attempt  to  make 
each  of  the  paces  three  feet,  but  to  take  steps  of  the  natural  length, 
and  to  ascertain  the  value  of  each  by  walking  over  a  known  dis- 
tance, and  dividing  it  by  the  number  of  paces  required  to  traverse 
it.  Every  person  should  thus  determine  the  usual  lengtli  of  his 
own  steps,  repeating  the  experiment  sufficiently  often.  The  French 
**  Geographical  Engineers "  accustom  themselves  to  take  regular 


steps  of  eiglit-tffiitlia  of  a  metre,  equal  to  two  feet  seven  and  u  half 
inches.  The  English  military  paco  is  two  feet  and  six  inches. 
Thia  is  regarded  aa  a  usual  average.  108  such  paces  per  minuta 
^ve  8.07  English  miles  per  hour.  Quick  pacing  of  120  such  pac« 
per  minute  gives  3.41  miles  per  hour.  Slow  paces,  of  three  feti 
each  and  00  per  minute,  give  2.04  miles  per  hour.* 

An  instrument,  called  a.  Pedometer,  has  been  contrived,  vhicli 
counts  the  steps  taken  by  one  wearing  it,  without  anj  attendtm  on 
his  part.  It  in  attached  to  the  body,  and  a  cord,  passing  &otD it 
to  the  foot,  at  each  step  mores  n  toothed  wheel  ooe  divi^on,  lud 
some  intermediate  ivheelwork  records  ihe  whole  number  upon  a  dill. 


(461)  Distances  by  visual  angles.    Prepare  a  seale,  by  madmg 

off  on  a  pencil  what  length  of  it,  when  it  is  held  off  at  arm's  length, 
a  man's  height  appears  to  cover  at  different  distances  (previoodj  ' 
measured  with  accuracy)  of  100,  500,  1000  feet,  kc.  To  appl/ 
thia,  when  a  man  is  seen  at  any  unknown  distance,  hold  up  the 
pencil  at  arm's  length,  making  the  top  of  it  come  in  the  line  bva 
the  eye  to  his  head,  and  placing  the  thumb  nail  in  the  line  from 


the  oye  to  his  feet,  as  in  Fig.  313,  The  pencil  ha\*ing  been  previ- 
oualy  graduated  by  the  method  above  explained,  the  portion  of  it 
now  intercepted  between  these  two  lines  will  indicate  the  corre- 
sponding distance. 

If  no  previous  scale  have  been  prepared,  and  the  distance  of  ■ 
man  be  required,  taitc  a  foot-mle,  or  any  measure  minutely  divided, 
hold  it  off  at  arm's  length  as  before,  and  see  how  much  a  man's 
height  covers.  Then  knowing  the  distance  from  the  eve  to  the 
rule,  a  statement  by  the  Rule  of  Three  (on  the  principle  of  similir 
triangles)  wiD  give  the  distance  required.  Suppose  a  man's  height, 
of  70  inches,  covers  1  inch  of  the  rule.     He  is  then  70  times  as  faz 


PART  IX.]      SURVEYING  WITHOUT  INSTRUMENTS.  1^13 

from  the  eye  as  the  rule ;  and  if  its  distance  be  2  feet,  that  of  the 
man  is  140  feet.  Instead  of  a  man's  height,  that  of  an  ordinary 
house,  of  an  apple-tree,  the  length  of  a  fence-rail,  &c.,  may  be 
be  taken  as  the  standard  of  comparison. 

To  keep  the  arm  immovable,  tie  a  string  of  known  length  to  the 
pencil,  and  hold  between  the  teeth  a  knot  tied  at  the  other  end  of 
the  string. 

(462)  Distances  by  Tisibility.  The  degree  of  visibihty  of  vari- 
ous well-known  objects  will  indicate  approximately  how  far  distant 
they  are.  Thus,  by  ordinary  eyes,  the  windows  of  a  large  house 
can  be  counted  at  a  distance  of  about  13000  feet,  or  2^  miles ; 
men  and  horses  will  be  perceived  as  points  at  about  half  that  dis- 
tance, or  1 J  miles  ;  a  horse  can  be  clearly  distinguished  at  about 
4000  feet ;  the  movements  of  men  at  2600  feet,  or  half  a  mile ; 
and  the  head  of  a  man,  occasionally,  at  2300  feet,  and  very  plainly 
at  1300  feet,  or  a  quarter  of  a  mile.  The  Arabs  of  Algeria  define 
a  mile  as  "  the  distance  at  which  you  can  no  longer  distinguish  a 
man  from  a  woman."  These  distances  of  visibility  will  of  course 
vary  somewhat  with  the  state  of  the  atmosphere,  and  still  more  with 
individual  acuteness  of  sight,  but  each  person  should  make  a  corre 
spending  scale  for  himself. 

(463)  Distances  by  sound*  Sound  passes  through  the  air  mth 
a  moderate  and  known  velocity ;  light  passes  almost  instantaneously. 
If,  then,  two  distant  points  be  visible  from  each  other,  and  a  gun 
bo  fired  at  night  from  one  of  them,  an  observer  at  the  other,  noting 
by  a  stop-watch  the  time  at  which  the  flash  is  seen,  and  then  that 
at  which  the  report  is  heard,  can  tell  by  the  intervening  number  of 
Beconds  how  far  apart  the  points  are,  knowing  how  far  sound  travels 
in  a  second.  Sound  moves  about  1090  feet  per  second  in  dry  air, 
with  the  temperature  at  the  freezing  point,  32°  Fahrenheit.  For 
higher  or  lower  temperatures  add  or  subtract  1^  foot  for  each  degree 
of  Fahrenheit.  If  a  wind  blows  with  or  against  the  movement  of 
the  sound,  its  velocity  must  be  added  or  subtracted.  If  it  blows 
obliquely,  the  correction  will  evidently  equal  its  velocity  multiplied 
by  the  cosine  of  the  angle  which  the  direction  of  the  wind  makes 
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with  the  directioii  of  the  sound.*  If  the  gun  be  fired  at  eadi  ead 
of  the  base  in  turn,  and  the  means  of  the  times  taken,  the  eftciof 
the  wind  will  be  eliminated. 

K  a  watch  is  not  at  hand,  suspend  a  pebble  to  a  string  (saditf 
a  thread  drawn  from  a  handkerchief)  and  count  its  vibraticffis.  If 
it  be  39 J  inches  long,  it  will  vibrate  in  one  second ;  if  9J  inches 
long,  in  half  a  second,  &c.  U  '^^s  length  is  unknown  at  the  tiine, 
still  count  its  vibrations ;  measure  it  subsequentlj ;  smi  then  liD 

the  time  of  its  vibration,  in  seconds,  =  */■ — ^-^qt— ^l« 

(461)  Angles*  Right  angles  are  those  most  firequentlj  required 
in  this  kind  of  survey,  and  they  can  be  estimated  bj  the  eje  viA 
much  accuracy.  If  other  angles  are  dedred,  they  will  be  dete^ 
mined  by  measuring  equal  distances  along  the  lines  which  make  the 
angle,  and  then  the  line,  or  chord,  joimng  the  ends  of  these  disiw 
ces,  thus  forming  chsun  angles,  explained  in  Art.  (IM)- 

(465)  Methods  of  operalion.  The  ''  Furst  Method"  of  deter 
mining  the  position  of  a  point,  Art  (5),  is  the  one  most  generaDj 
applicable.  Some  line,  as  AB  in  Fig.  1,  is  paced,  or  otherfis* 
measured,  and  then  the  lines  AS  and  BS  ;  the  point  S  is  thua  de 
termined. 

The  "  Second  Method,"  Art.  (6),  is  also  much  employed,  ^ 
right  angles  being  obtained  by  eye,  or  by  the  easy  methods  ff^^^ 
in  Part  11,  Chapter  V,  Arts.  (140),  &c.  It  is  used  for  ofi&ete,  ^ 
in  Part  II,  Chapter  III,  Arts.  (114),  &c. 

The  "  Thurd  Method,"  Art.  (7),  may  also  be  used,  the  angl«^ 
being  determined  as  in  Art.  (464). 

The  "  Fourth  Method,"  Art.  (8),  may  also  be  employed,  ^® 
angles  being  similarly  determined. 

The  "  Fifth  Method,"  Art.  (10),  would  seldom  be  used,  unl^ 
by  making  an  extempore  plane-table,  and  proceeding  as  direc*^ 
in  the  last  paragraph  of  Art.  (457). 

•  A  gentle,  pleasant  wind  has  a  velocity  of  10  feet  per  second ;  a  bn«k  ^i  «b 
20  feet  per  second  ;  a  very  brisk  gale  30  feet ;  a  high  wind  50  feet ;  a  v^^T.^— «>• 
wind  70  feet ;  a  storm  or  tempest  80  feet ;  a  great  storm  100  feet ;  a  horri^^ 
130  feet ;  and  a  violent  harrioane,  that  tears  np  trees,  &c.,  150  feet  per  second 
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The  method  referred  to  in  Art.  (11)  may  also  be  employed. 

When  a  sketch  has  made  some  progress,  new  points  may  h^ 
fixed  on  it  by  their  being  in  line  with  others  already  determined. 

All  these  methods  of  operation  are  shown  in  the  following  figuir 
AB  is  a  Une  paced,  or  otherwise  measured  approximately. 

Fig.  314. 


The  hill  C  is  determined  by  the  first  method.  The  river  on  the 
other  side  of  AB  is  determined  by  ofl&ets  according  to  the 
Second  Method.  The  house  D  is  determined  by  the  Third  Method, 
EBF  being  a  chain  angle.  The  house  G  is  determined  by  the 
Fourth  Method,  chain  angles  being  measured  at  B  and  H,  a  point 
in  AB  prolonged.  The  pond  K  is  determined,  as  in  Art.  (11),  by 
ihe  intersection  of  the  alinements  CD  and  GH  prolonged.  The 
bend  of  the  river  at  L  is  determined  by  its  distance  from  II  in 
the  line  of  AH  prolonged.  A  new  base  line,  HM,  is  fixed  by  a  chain 
angle  at  H,  and  employed  hke  the  former  one  so  as  to  fix  the  hill 
at  N,  &c.  All  these  methods  may  thus  be  used  collectively  and 
successively.  The  necessary  lines  may  always  be  ranged  with 
rods,  as  directed  in  Art.  (169),  and  very  many  of  the  instniraental 
methods  already  explained,  may  be  practiced  with  extempore  con- 
trivances. The  use  of  the  Plane-table  is  an  admirable  prepara- 
tion for  this  style  of  surveying'  or  sketching,  which  is  most  fre- 
quently employed  by  MiUtary  Engmeers,  though  they  generally 
use  a  prismatic  Compass,  or  pocket  Sextant,  and  a  sketching  case, 
vhich  may  serve  as  a  Plane-table. 


PART  X. 
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CHAPTER  L 


COPYING  PLiTS. 

(466)  The  Plat  of  a  survey  necessarily  has  many  lines  of  constrno 
tion  draTm  upon  it,  which  are  not  needed  in  the  finished  map 
These  lines,  and  the  marks  of  instruments,  so  disfigure  the  papei 
that  a  fair  copy  of  the  plat  is  usually  made  before  tiie  map  is 
finished.  The  various  methods  of  copying  plats,  &c.,  whether  on 
the  same  scale,  or  reduced  or  enlarged,  will  therefore  now  be 
described. 

(467)  Stretching  the  paper.  If  the  map  is  to  be  colored,  the 
paper  must  first  be  wetted  and  stretched,  or  the  application  of  the 
wet  colors  will  cause  its  surface  to  swell  or  blister  and  become  uneven. 
Therefore,  with  a  soft  sponge  and  clean  water  wet  the  back  of  the 
paper,  working  from  the  centre  outward  in  all  directions.  The 
"  water*mark"  reads  correctly  only  when  looked  at  from  the  finont 
side,  which  it  thus  distinguishes.  When  the  paper  is  thoroughly 
wet  and  thus  greatly  expanded,  glue  its  edges  to  the  drawing  board, 
for  half  an  inch  in  width,  turning  inem  up  against  a  ruler,  passmg 
the  glue  along  them,  and  then  turning  them  down  and  pressing 
them  with  the  ruler.  Some  prefer  gluing  down  opposite  edges  in 
Euccession,  and  others  adjoining  edges.  The  paper  must  be  mod^ 
rately  stretched  smooth  during  the  process.  Hot  glue  is  best 
Paste  or  gum  may  be  used,  if  the  paper  be  kept  wet  by  a  damp 
cloth,  so  that  the  edges  may  dry  first.     "  Mouth-glue  "  may  be  used 
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by  rubbing  it  (mobtened  in  the  mouth  or  in  hoiling  water)  along  tite 
tamed  ap  edges,  and  then  rubbing  them  dry  by  an  ivory  folder,  a 
piece  of  dry  ptqter  being  interposed.  As  this  is  a  eloirer  process, 
the  middle  of  each  aide  should  first  be  fastened  down,  then  the  four 
angles,  and  lastly  the  intermediate  portions.  When  the  paper 
becomes  dry,  the  creases  and  puckenngs  will  have  disappeared, 
ftod  it  will  be  as  smooth  and  tight  as  a  drum-head. 

<4<8)  Cvpylif  by  Iraclijft  Fix  a  large  pane  of  clear  glass  in 
a  frame,  so  that  it  can  be  supported  at  any  angle  before  a  window, 
or,  at  lught,  in  front  of  a  lamp.  Place  the  plat  to  be  copied  on 
tlus  glass,  and  the  clean  paper  upon  it.  Connect  them  by  pins, 
ke.  Trace  all  the  desired  lines  of  the  original  with  a  sharp  pencil, 
3,3  lightly  as  they  can  be  easily  seen.  Take  care  that  the  paper 
dooa  not  slip.  If  the  plat  is  larger  than  the  glass,  copy  its  parts 
succes^vety,  bebg  very  careful  to  fix  each  part  in  its  true  relative 
portion.  Ink  the  lines  with  India  ink,  making  them  very  fine  and 
pale,  if  the  map  is  to  be  afterwards  colored. 

<469)  Copyli^  on  tnitilg  paper.  A  thin  transparent  paper  is 
prepared  expressly  for  the  porpoee  of  making  copies  of  iftaps  and 
drawings,  but  it  is  too  delicate  for  much  handling.  It  may  be  pre- 
pared by  soaking  tissue  paper  in  a  mixture  of  turpentine  and 
Canada  balsam  or  balsam  of  fir  (two  parts  of  the  former  to  one  of 
the  latter),  and  drying  very  slowly.  Cold  drawn  hnsced  oil  will 
answer  tolerably,  the  sheets  being  hung  up  for  some  weeks  to  dry. 
Linen  is  aU^  similarly  prepared,  and  sold  under  the  name  of 
"•  Vellum  tracing  7>aper."  It  is  less  transparent  than  the  tracing 
paper,  hut  is  very  strong  and  durable.  Both  of  these  are  used 
rather  for  preserving  duplicates  than  for  finished  maps. 

(470)  (^pfins  by  irauAr  paper.  This  is  thin  paper,  one  side 
of  which  is  rubbed  with  blacklead,  &c.,  smoothly  spread  by  cotton. 
It  is  laid  on  the  clean  paper,  the  blackened  side  downward,  and 
the  plat  is  placed  upoo  it.  All  the  lines  of  the  plat  are  then  gone 
over  with  moderate  pressure  by  a  blunt  point,  such  as  the  eye-end 
jf  a  nnaU  needle.     A  funt  tracing  of  these  tines  will  then  be  found 
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OD  dbe  dean  {aper,  aai  can  be  inked  il  losnie.     If  the  oiigBU^ 
camwl  be  thos  treated,  k  may  finl  be  eopied  <n  toeing  papff , 
and  liik  crqnr  be  tlios  tzan^Erred.    K  the  transfer  paper  be  p^ 
pored  br  robbing  it  vidi  hrap^hrV  groond  iqp  widi  hard  soap,  iti 
fines  vid  be  ine&ceaUe.    It  is  then  caDed  »  Camp^per." 

(471)  C^pjiag  If  pOKlncs.  Fix  the  dean  paper  on  a  draw- 
ing board  and  the  plat  orer  it.  Prepare  a  fine  needle  with  a  seal- 
ing-wax head.  Hold  it  rery  trn^  perpendimlar  to  the  board,  apd 
prick  throng  ereiy  an^e  o(  the  plat,  and  ereiy  c<»mer  and  mte^ 
sectkn  of  its  other  fines,  soch  as  houses,  fences,  &c.,  or  at  least 
the  two  ends  of  ereiy  fine.  For  circles,  the  centre  and  one  pdnt 
of  the  drcomference  are  sufficient.  For  irregolar  curves,  soeli  as 
rivers,  &c.,  enoa^  pomts  most  be  pricked  to  indicate  all  Aeir 
ginuorities.  Woik  widi  system,  finishing  up  one  strip  at  a  time, 
so  as  not  to  omit  any  necessary  points  nor  to  prick  ttmni^  aoj 
twice,  though  the  latter  is  safer.  When  com{deted,  remove  tke 
plat.  The  copy  will  present  a  wilderness  of  fine  points.  Select 
those  which  determine  the  leading  lines,  and  then  the  rest  irill  ^ 
easily  recognized.  A  beginner  should  first  pencil  the  lines  li^Ay? 
and  then  ink  them.  An  experienced  draftsman  will  omit  tlie  pen* 
cilling.  Two  or  three  copies  may  be  thus  pricked  through  at  once. 
The  holes  in  the  original  plat  may  be  made  nearly  invisible  oj 
rubbing  them  on  the  back  of  the  sheet  with  a  paper-folder,  or  4® 
thumb  nail. 

(472)  Copying  by  intersections.   Draw  a  line  on  the  clean  p^P^' 
equal  in  length  to  some  important  line  of  the  original.    Two  start- 
ing points  are  thus  obtamed.     Take  in  the  dividers  the  distaJ^^ 
from  one  end  of  the  line  on  the  original  to  a  third  pomt.    i^^ 
the  corresponding  end  on  the  copy,  describe  an  arc  with  thi^  ^ 
tance  for  radius  and  about  where  the  point  will  come.    Tak®  ^^ 
distance  on  the  original  from  the  other  end  of  the  line  to  the  p^^ ' 
and  describe  a  corresponding  arc  on  the  copy  to  intersect  y^ 
former  arc  in  a  point  which  will  be'  that  desired.     The  pria^^^ 
of  the  operation  is  that  of  our  "  First  Method,"  Art.  (5).     '^^ 
pairs  of  dividers  may  be  used  as  explained  in  Art.  (90).    *^  -^ 
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angular  compasses,"  having  three  legs,  are  used  by  fixing  two  of 
their  legs  on  the  two  given  pomts  of  the  origmal,  and  the  third  leg 
on  the  point  to  be  copied,  and  then  transferring  them  to  the  copy. 
All  the  points  of  the  original  can  thus  be  accurately  reproduced. 
The  operation  is  however  very  slow.  Only  the  chief  points  of  a 
plat  may  be  thus  transferred,  and  the  details  filled  in  by  the  fol- 
lowing method. 

(473)  Copying  by  sqnaresi  On  the  original  plat  draw  a  series 
of  parallel  and  equidistant  lines.  The  T  square  does  this  most 
readily.  Draw  a  similar  series  at  right  angles  to  these.  The  plat 
will  then  be  covered  with  squares,  as  in  Fig.  38,  page  48.  On 
ihe  clean  paper  draw  a  similar  series  of  squares.  The  important 
points  may  now  be  fixed  as  in  the  last  article,  and  the  rest  copied 
by  eye,  all  the  points  in  each  square  of  the  original  being  properly 
placed  in  the  corresponding  square  of  the  copy,  noticing  whether 
tliey  are  near  the  top  or  bottom  of  each  square,  on  its  right  or  left 
side,  &c.  This  method  is  rapid,  and  in  skilful  hands  quite  accu* 
rate. 

Instead  of  drawing  lines  on  the  original,  a  sheet  of  transparent 
paper  containing  them  may  be  placed  over  it ;  or  an  open  frame 
with  threads  stretched  across  it  at  equal  distances  and  at  right 
angles. 

This  method  supplies  a  transition  to  the  Reduction  and  Enlarge- 
ment  of  plats  in  any  desired  ratio ;  under  which  heBdGopyinghj 
the  Pantagraph  and  Camera  Lucida  will  be  noticed. 

(174)  Redueing  by  squaresi  Begm,  as  in  the  preceding  article, 
by  drawing  squares  on  the  original,  or  placing  them  over  it.  Then 
on  the  clean  paper  draw  a  similar  set  of  squares,  but  with  their 
sides  one-half,  one  third,  &c.,  (according  to  the  desired  reduction), 
of  those  of  the  original  plat.  Then  proceed  as  before  to  copy  mto 
each  small  square  all  the  points  and  lines  foimd  in  the  large  square 
of  the  plat  in  their  true  positions  relative  to  the  sides  and  comers 
of  the  square,  observmg  to  reduce  each  distance,  by  eye  or  as 
directed  in  the  following  article,  in  the  given  ratio. 
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(47i)  Reducing  by  proportional  scales*  Many  graphical  me- 
thods of  finding  the  proportionate  length  on  tlie  copy,  of  anj  lioe  of 
Uie  original,  may  be  used.  The  "Anglo  of  reductit«i"  is  con 
stnicted  thug.  Draw  any  line 
AB,  With  it  for  radius  and  A 
for  centre,  describe  an  indefinite 
arc.  With  B  for  centre  and  a 
radius  equal  to  one-half,  one-third, 
kc,  of  AB  according  to  the 
aired  reduction  describe  another 
arc  intersecting  the  fonnor  arc  in  C.  Join  AC.  From  A  u 
centre  describe  a  series  of  arcs.  Now  to  reduce  any  disttnce. 
take  it  in  the  dividers,  and  set  it  off  from  A  on  AB,  as  to  D.  Then 
the  distance  from  D  to  E,  the  other  end  of  the  arc  passing  throagh 
D,  will  he  the  proportionate  length  to  be  set  off  on  the  copy,  miiie 
manner  directed  in  Art.  (112). 

The  Sector,  or  "  Compass  of  proportion,"  described  in  Art.  (Si)) 
presents  such  an  "Angle  of  reduction,"  always  ready  to  be  tK^ 
in  this  manner. 

The  "Angle  of  reduction"  may  be  simplified 
thus.  Draw  a  line,  AB,  parallel  to  one  side 
of  the  drawing  board,  and  another,  EC,  at  right 
angles  to  it,  and  one-half,  &c.,  of  it,  as  desired. 
Join  AC,  Then  let  AD  be  the  distance  re- 
quired to  ha  reduced.  Apply  a  T  square  so 
as  to  pass  throug!i  D.  It  will  meet  AC  in 
some  point  E,  and  BE  will  be  tlic  reduced 
length  required. 

Another  arrangement  for  the  same  object  is  shown 
Draw  two  lines,  AB,  AC,  at  any  angle,  and  de- 
scribe a  series  of  arcs  from  their  intersection.  A, 
as  in  the  figure.  Suppose  the  reduced  scale  ih  to 
be  half  the  original  scale.  Divide  the  outermost 
arc  into  three  equal  parts,  and  draw  a  line  from 
A  to  one  of  the  points  of  division,  as  D.  Then 
each  arc  will  bo  divided  into  parts,  one  of  which 
is  twice  the  other.  Take  any  distance  on  the  ori- 
^al  scale,  and  find  hy  trial  which  of  the  area  on 
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the  right  hand  side  of  the  figure  it  corresponds  to.     The  other  part 
of  that  arc  will  be  half  of  it,  as  desired. 

"  Proportional  compasses,"  being  properly  set,  reduce  lines  in 
any  desired  ratio.  A  simple  form  of  them,  known  as  "  Wholes 
and  halves,"  is  often  useful.  It  consists  of  two  slender  bars,  pointed 
at  each  end,  and  united  by  a  pivot  which  is  twice  as  far  from 
one  pair  of  the  points  as  fr#m  the  other  pair.  The  long  ends  being 
set  to  any  distance,  the  short  ends  will  give  precisely  half  that  dis- 
tance. 

(176)  Reducing  by  a  pantagrapb.  This  instrument  consists  of 
two  long  and  two  short  rulers,  connected  so  as  to  form  a  parallelo 
gram,  and  capable  of  being  so  adjusted  that  when  a  tracing  point 
attached  to  it  is  moved  over  the  lines  of  a  map,  &c.,  a  pencil 
attached  to  another  part  of  it  will  mark  on  paper  a  precise  copy, 
reduced  on  any  scale  desired.  It  is  made  in  various  forms.  It  is 
troublesome  to  use,  though  rapid  in  its  work. 

(177)  Reducing  by  a  camera  lucidai  This  is  used  in  the  Coast 
Survey  OflSce.  It  cannot  reduce  smaller  than  one-fourth,  without 
losing  distinctness,  and  is  very  trying  to  the  eyes.  Squares  drawn 
on  the  original  are  brought  to  apparently  coincide  with  squares  on 
the  reduction,  and  the  details  are  then  filled  in  with  the  pencil,  as 
seen  through  the  prism  of  the  instrument. 

(178)  Enlarging  plats.  Plats  may  be  enlarged  by  the  princi- 
pal methods  which  have  been  given  for  reducing  them,  but  this 
should  be  done  as  seldom  as  possible,  since  every  inaccuracy  in  the 
ori^al  becomes  magnified  in  the  copy.  It  is  better  to  make  a 
new  plat  from  the  origmal  data. 


SI 


CHAPTER  II. 


CONVENTIONAL  SIGNS. 

(479)  Various  conventional  signs  or  marka  have  been  a 
more  or  less  generally,  to  represent  on  maps- the  inequalities  ol 
aiirface  of  the  ground,  its  different  kinds  of  culture  or  nata 
ducts,  and  the  objects  upon  it,  so  aa  not  to  encumber  and  d 
it  with  much  writmg  or  manj^  descripUvo  legends.     This  iq 
purpose  of  what  is  called  Topographieal  Mapping. 

(480)  The  relief  of  ground.  The  inequalities  of  the  mfut 
of  the  earth,  its  elevations  and  depressions,  its  hills  and  hofliffls, 
constitute  its  "  Relief."  The  representation  of  thb  is  aomttioa 
called  *'  lEIl  drawing."  Ita  difficulty  arises  from  our  being  accflf- 
tomed  to  see  hills  sideways,  or  "  in  elevation,"  while  (ley  IMS' 
be  represented  as  they  would  be  seen  from  above,  or  "  in  pUn. 
Various  modes  of  thus  drawing  them  are  used ;  their  poBititnu  bong 
laid  down  in  pencil  as  previously  sketched  by  eye  or  measnrei. 

If  light  bo  supposed  to  fall  n^rticaiiy,  the  slopes  of  the  ground  w* 
receive  less  light  in  proportion  to  their  steepness.  The  relirf  *' 
ground  will  be  indicated  on  this  principle  by  making  the  sl«P 
slopes  very  dark,  the  gentler  inehnations  less  so,  and  leaving  vt 
level  surfaces  white.  The  shades  may  be  produced  by  tin* " 
India  ink  applied  with  a  brush,  their  edges,  at  the  top  and  l^f""' 
of  a  hill  or  ridge,  being  softened  off  with  a  clean  brush. 

If  light  be  supposed  to  fall  ohliqiiely,  the  slopes  facing  it  Tul  "° 
light,  and  those  turned  from  it  dark.     This  mode  is  effocnret '"'' 
not  precise.     In  it  the  hght  is  usually  supposed  to  come  fro* 
upper  left  hand  comer  of  the  map. 

Horizontal  contour  I'meg  are  however  the  best  conventioo  _ 
this  purpose.  Imagine  a  hilt  to  bo  sliced  off  by  a  number  of  oT^ 
distant  horizontal  planes,  and  their  intersections  with  it  to  bo  i**.  . 
Its  they  would  be  seen  from  above,  or  horizontally  projected 
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map.  These  are  "Contour linea,"  Thoy  are  the  Bome  Imea  ae 
vould  be  formed  by  water  Burrounding  the  hill,  and  rising  one  foot 
at  a  time  (or  any  other  height)  till  it  reached  the  top  of  the  hill. 
The  edge  of  the  water,  or  it8  shore,  at  each  Buceessive  rise,  would 
be  one  of  these  horizontal  contour  lines.  It  is  pliun  that  their 
iteamess  or  distance  on  the  map  would  indicate  tie  steepness  or 
genUeneBS  of  the  slopes.     A  right  cone  would  thus  be  repre- 

Fig.  318.  rig.  319.  Fig.  330. 


Noted  by  a  series  of  concentric  circles,  as  in  Fig.  318 ;  an  oblique 
cme  by  circles  not  concentric,  but  nearer  to  each  other  on  the  steep 
■ide  than  on  the  other,  aB  in  Fig.  319  ;  and  a  half-egg,  somewhat 
uinl^g.  320. 

Vtrticai  seetioru,  perpendicular  to  these  contour  lines,  are 
BBuslly  combined  with  them.  They  are  tiie  "  Lines  of  greatest 
slope,"  and  may  be  supposed  to  represent  water  running  down  the 
(idea  of  the  hill.  They  are  also  made  thicker  and  nearer  together 
"t  tiu  steeper  slopes,  to  produce  the  effect  required  by  the  cooTeo- 
tion  of  Tertical  light  F'S  a^' 

•Iwsdy  referred  to. 
The  mar^Jial  figure 
AeifB  an  elongated 
•^f-figg,  or  oval  hill, 
*<w  repreaented. 

-Hie  spaces  between 
"■^  fowB  of  vertical 
Hatchings"  indicate 
^  Contour  lines,  which  are  not  actually  drawn  The  beauty  of 
'~®  graphical  execution  of  tiiia  work  depends  on  the  uniformity  of 
®  strokes  representing  uniform  elopes,  on  their  perfectly  regular 
^l^ation  in  tluckness  and  nearness  for  varymg  slopes,  and  on 
*■*  being  made  precisely  at  right  angles  to  the  contour  lines 


'^tw, 


'een  which  they  are  situated. 
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The  methods  of  determining  tlio  contour  lines  are  application   | 
of  Levelling,  and  will  therefore  be  postponed,  together  with  the 
farther  details  of  "  Hill-drawing,"  to  the  "voiume  treating  of  that 
subject,  which  is  announced  in  the  Preface. 

(481)  Signs  for  natural  snrface.  Sand  is  represented  by  fine 
dots  made  with  the  point  of  the  pen ;  ffravd  by  coarser  dots. 
Rocks  aro  draivn  in  their  proper  places  in  irregular  angular  forms, 
imitating  their  true  appearance  as  seen  from  above.  The  nature 
of  the  rocks,  or  the  0-eology  of  the  country,  may  be  shown  by  apply- 
ing the  proper  colors,  as  agreed  on  by  geologists,  to  the  back  of 
the  map,  so  that  they  may  bo  seen  bj  holding  it  up  ag^nst  the 
light,  while  they  will  thus  not  confuse  the  usual  details. 


(482)  SIfns  for  vegetation.  Woods  are  represented  by  scol- 
loped circles,  irregularly  disposed,  Fig.  3?a. 
imitating  trees  seen  "  in  phm,"  and  ^  O^^  i 
closer  or  farther  apart  according  to  jA^*  ' — 
the  thickness  of  the  forest.  It  is  "^f^ 
usual  to  shade  their  lower  and  right  '^/cSSiii 
hand  sides  and  to  represent  their  ^sW  '^ 
shadows,  as  in  the  figure,  though,  in  strictness,  this  is  inconsistent 
with  the  hypothesis  of  vertical  light,  adopted  for  "  hill-drawing. 
For  pine  and  similar  forests,  the  signs  may  have  a  star-like  form, 
as  on  the  right  hand  side  of  the  figure.  Trees  are  sometimes 
drawn  "  in  elevation,"  or  sideways,  as  usually  seen.  This  makes 
them  more  easily  recognized,  but  is  in  utter  violation  of  the  princi- 
ples of  mapping  in  horizontal  projection,  though  it  may  be  defended 
as  a  pure  convention.  Orehardg  are  represented  by  trees  arrang- 
ed in  rows.     Buslies  may  be  drawn  like  trees,  but  smaller. 

Grass-land  is  drawn  with  irregularly  Fig.  323. 

scattered  groups  of  short  lines,  as  in  the  ~~:^'^'^^~-'^^^'  XvV' 
figure,  the  lines  being  arranged  in  odd  ^J3t^*».'^»^j:i.  ^Jy 
aumber3,andsotbatthotopofeachgroupi3  ^"jm^'^j:;:^^^^  JJJL' 
convex  and  its  bottom  horizontal  or  parallel  ■7;,^^.„C*.'^L^  ^'* 
to  the  base  of  the  drawing.  Meadows  are  "^  **"  -*^-'*-  -* 
•ometimes  represented  by  pairs  of  diverging  Imea,  (as  on  the  right 
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of  the  figare),  wUch  may  be  regarded  as  t&U  blades  of  grass. 

Uneultivated  land  is  indicated  by  appropriately  intermingling  the 

ngna  for  grass  land,  bushes,  sand  and  rocks.     Cultivated  land  ia 

shown  by  parallel  rows  of  broken  and  dotted  ^'s-  334. 

lines,  as  in  the  figare,  representing  forroirs. 

Gropt  are  so  temporary  that  signs  for  them  are 

anoecessary,  thongh  often  nsed.     They  are  usu-  \^[ 

ally  iontatire,  as  for  cotton,  sugar,  tobacco,  rice, 

vines,  hope,  kc.     Gm-dejit  are  drawn  with  cir-  E-lI—^L'Irlir'E:^^™ 

enlar  and  other  beds  and  walks. 

(4SS)  8Igu  far  water.  The  Sea-coatt  is  represented  by  draw- 
ing a  line  parallel  to  the  shore,  following  all  its  windings  and  inden- 
t^ims,  uid  as  close  to  it  as  possible,  then  another  parallel  line  ii 
little  more  <itistatit,  then  a  third  slill  more  distant,  and  so  on. 
ExBiD^es  are  seen  in  figures  287,  &c.  If  these  lines  are  drawn 
from  the  low  tide  mark,  a  similar  set  may  be  drawn  between  that 
snd  the  high  tide  mark,  and  dots,  for  sand,  be  made  over  the 
included  space.  Eiieri  have  each  shore  treated  like  tiie  sea 
abore,  as  in  the  figures  of  Part  VII.'  Brooks  would  be  shown  by 
™l,v  two  lines,  or  one,  according  to  their  magnitude.     Pondt  may 

PS  irawn  like  sea  shores,  or  represented  by   Fig.  31^. 

Parallel  horizontal  lines  ruled  across  them.  V>^ ■'^ 

^'f»hs»  and  Swamiig  are  represented  by  an  ^=%,'^'^-  ■  —-_2. 
1'*gnlsr  interminglmg  of  the  preceding  ^^^  -•ji'-wr^-r^ 
*P»  iritli  that  for  grass  and  bushes,  as  in  the    ^^-rf-!X^~  — ^ 


C48I)  <M«rad  Topograltliy.    The  conventional  signs  which  have 


"**H  described,  as  made  with  the  pen,  require  much  time  and 
./^*-  Colors  are  generally  used  by  the  French  aa  substitutes  for 
**«»,  ind  combine  the  advantages  of  great  rapidity  and  cffective- 
^^-  Only  three  colors  (besides  India  ink)  are  required ;  yiz. 
1^  **^hoge  (yellow),  Indigo  (blue),  and  Lake  (pink).  Sepia, 
'^^Ut  ^enna,  Yellow  ochre.  Red  lead,  and  Vermillion,  are  also 
'^^'^edmes  used.     The  last  three  are  difficult  to  work  with.     Tc 

Hiow  in  Part  II,  Chnptcr  V,  have  llio  tliici  loo  clime  tPgclher  in  llie  raidJle. 
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use  theae  paints,  moisten  the  end  of  a  cake  and  rub  it  up  with  i 
drop  of  water,  afterwards  diluting  this  to  the  proper  tint,  which 
should  always  be  light  and  delicate.  To  cover  auy  gtirface  wiA 
a  umform  flat  tint,  iiso  a  large  earners  hair  or  sable  brush,  keep  it 
always  moderately  full,  incline  the  board  towards  yon,  preriouslj 
moisten  the  paper  with  clean  water  if  the  outline  is  very  irregular, 
begin  at  the  top  of  the  surface,  apply  a  tint  across  the  upper  part, 
and  continue  it  downwards,  never  letting  Oie  edge  dry.  This  last 
is  the  secret  of  a  smooth  tint.  It  requires  rapidity  in  retuntiag  to 
the  be^oing  of  a  tint  to  continue  it,  and  dexterity  in  following  the 
outline.  Marbling,  or  variegation,  is  produced  by  having  a  brush 
at  each  end  of  a  stick,  one  for  each  color,  and  applying  first  one, 
and  then  the  other  beside  it  before  it  dries,  so  that  they  may  blend 
but  not  mix,  and  produce  an  irregularly  cloudod  appearance. 
Scratched  parts  of  the  paper  may  be  painted  over  by  first  applying 
stjxing  alum  water  to  the  place. 

The  conventions  fgr  colored  Topography,  adopted  by  the  Frencli 
Military  En^neers,  are  as  follows.  Woods,  yellow  ;  using  gam- 
boge and  a  very  httle  indigo.  GbasS-LAND,  green;  made  of 
gamboge  and  ludigo.  Ccltitatbd  lasd,  hrown;  lake,  gamboge, 
and  a  httle  India  ink.  "  Burnt  Sienna"  will  answer.  Adjwning 
fields  should  be  shghtly  varied  in  tint.  Sometimes  furrows  •« 
indicated  by  strips  of  various  colors.  Gardens  are  represented 
by  small  rectangular  patches  of  brighter  green  and  broum.  Us- 
CULTIVATED  LAND,  marbled  green  and  light  hrov;n.  Bfiusu, 
BRAMBLES,  &e.,  marbled  gretn  and  yellow.  Heatii,  rtmZE,  &c., 
marbled  green  and  yin^-  Vineyards,  purple  ;  lake  and  indigo. 
Sands,  a  light  brown;  gamboge  and  lake.  "  Yellow  ochre"  will 
do.  Lakes  and  eivers,  light  blue,  with  a  darker  tint  on  their 
upper  and  left  hand  sides.  Seas,  dark  blue,  with  a  litdc  yelIo» 
added.  Makshes,  the  blue  of  water,  with  spots  of  grass  grttn,  the 
touches  all  lymg  horizontally.  Roads,  brown  ;  between  the  tinlfl 
for  sand  and  cultivated  ground,  with  more  India  ink.  Hnu, 
grt^ih  brown;  gamboge,  indigo,  lake  and  India  ink,  instead  of 
the  pure  India,  ink,  directed  in  Ait,  (480).  Woods  may  be 
finished  up  by  drawing  the  trees  as  in  Art.  (i82)  and  coloring 
them  green,  with  touches  of  gamboge  towards  the  light  (the  uppa 
and  left  hand  side)  and  of  Indigo  on  the  opposite  side. 
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(185)  Signs  for  detacbed  objects*  Too  great  a  number  of  these 
will  cause  confusion.  A  few  leading  ones  will  be  given,  the  mean- 
ings of  which  are  apparent. 


Court  house, 

Figs. 
^    326. 

Wind  mill. 

Figs. 
©X  334. 

Post  office, 

k^i^^'A         «J<w/    . 

Steam  mill. 

^335. 

Tavern, 

B^    328. 

Furnace, 

4    336. 

BlachsmitlCs  shop, 

m^   329. 

Woollen  factory, 

m  337. 

Chiide  board, 

t      330. 

CotUm  factory. 

#  338. 

Quarry, 

A     331. 

Q-lass  works. 

gla  339 

Christ  mill. 

O     332. 

Church, 

^    340. 

Saw  mill, 

C|    333. 

Grave  yard, 

.J«L341. 

An  ordinary  house  is  drawn  in  its  true  position  and  size,  and  the 
ridge  of  its  roof  shown  if  the  scale  of  the  map  is  large  enough. 
On  a  very  small  scale,  a  small  shaded  rectangle  represents  it.  If 
colors  are  used,  buildings  of  masonry  are  tinted  a  deep  crimson, 
(with  lake),  and  those  of  wood  with  India  ink.  Their  lower  and 
right  hand  sides  are  drawn  with  heavier  lines.  Fences  of  stone  or 
wood,  and  hedges,  may  be  drawn  in  imitation  of  the  realities ;  and, 
if  desired,  colored  appropriately. 

Mines  may  be  represented  by  the  signs  of  the  planets  which 
were  anciently  associated  with  the  various  metals.  The  signs  here 
given  represent  respectively. 

Gold,     Silver,    Iron,     Copper,    Tin,    Lead,     Quicksilver. 

©  D         6  i  U         ^  5 

A  large  black  circle,  #  ,  may  be  used  for  Coal. 

Boundary  lines,  of  private  properties,  of  townships,  of  counties, 
and  of  states,  may  be  indicated  by  lines  formed  of  various  combi- 
nations of  short  lines,  dots  and  crosses,  as  below.* 


+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 

•  Very  miDUte  directions  for  the  execution  of  the  details  described  in  this  chaii 
ler,  are  given  in  Lieut.  R.  8.  Smith's  •*  Topographical  Drawing."     Wiley,  N.  Y. 
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(186)  OrientalioQ.  Tlio  map  is  usually  so  drawn  that  the  top 
of  the  paper  may  represent  the  North.  A  Meridian  line  sltodd 
also  be  drawn,  both  True  and  Magnedc,  as  in  Fig.  199,  page  189, 
The  number  of  degrees  and  minut«3  in  tlie  Variation,  if  tnoira, 
should  also  he  placed  between  the  two  North  points.  Sometiniis 
a  compass-star  ia  drawn  and  made  very  ornamental. 


(487)  Lelterin^t  The  style  in  which  this  ia  done  very  much 
affects  the  general  appearance  of  the  map.  The  joiing  flurrejof 
Bhould  give  it  much  attention  and  careful  practice.  It  most  all  be 
in  inutation  of  the  best  printed  models.  No  writing,  howeter 
beautifiil,  is  admissible.  The  usual  letters  are  the  ordinirr 
ROMAN  CAPITALS,  Small  Roman,  ITALIC  CAPITALS, 
Small 2taUa,o.'ai  GOTHIC  OR  EGYPTIAN.  Ilualssl, 
when  well  done,  is  very  effective.  For  the  Titles  of  maps,  tarioM 
fancy  letters  may  bo  used.  For  very  large  letters,  those  formed 
only  of  the  shades  of  the  letters  regarded  as  blocks  (the  body  being 
rubbed  out  after  being  pencilled  as  a  guide  to  the  placing  (f  flw 
shades)  are  most  easily  made  to  look  well.  The  simplest  lettering 
is  generally  the  best.  The  sizes  of  the  names  of  places,  &c.,  shonlil 
be  proportional  to  their  importance.  Elaborate  tables  for  various 
scales  have  been  published.  It  is  better  to  make  the  lettere  too 
small  than  too  large.  They  should  not  be  crowded.  Pencil  linea 
should  always  be  ruled  as  guides.  The  lettering  should  be  in  hnes 
parallel  to  the  bottom  of  the  map,  except  the  names  of  rivers,  roads, 
&c.,  whose  general  course  should  be  followed. 


(488)  BorderSi     The   Border   may  be   a   single   heavy  line, 
enclosing  the  map  in  a  rectangle,  or  such  a  line  may  be  relieved       | 
by  a  finer  line  drawn  parallel  and  near  to  it.     Time  should  not  be       | 
wasted  in  ornamenting  the  border.     The  simplest  b  the  best. 


cH^p  III.]  Finishing  tlie  Hapt  329 

(489)  Joining  papen  If  the  map  is  larger  than  the  sheets  of 
paper  at  hand,  they  should  be  joined  with  a  feather-edge,  by  pro* 
cecding  thus.  Cut,  "with  a  knife  guided  by  a  ruler,  about  one- 
third  through  the  thickness  of  the  paper,  and  tear  off  on  the  under 
side,  a  strip  of  the  remainii^g  thickness,  so  as  to  leave  a  thin  sharp 
edge.  Treat  the  other  sheet  in  the  same  way  on  the  other  side  of 
it.  When  these  two  feather  edges  are  then  put  together,  (with 
paste,  glue  or  varnish),  they  will  make  a  neat  and  strong  joint. 
The  sheet  which  rests  upon  the  other  must  be  on  the  right  hand 
side,  if  the  sheets  are  joined  lengthways,  or  below  if  they  are  joined 
in  that  direction,  so  that  the  thickness  of  the  edge  may  not  cast  a 
shadow,  when  properly  placed  as  to  the  light.  The  sheets  imist 
be  joined  before  lines  are  drawn  across  them,  or  the  lines  will 
become  distorted.  Orawing  paper  is  now  made  in  rolls  of  great 
length,  so  as  to  render  this  operation  unnecessary. 

(190)  Mounting  maps*  A  map  is  sometimes  required  to  be 
mounted,  i.  e.  backed  with  canvas  or  muslin.  To  do  this,  wet  the 
muslin  and  stretch  it  strongly  on  a  board  by  tacks  driven  very 
near  together.  Cover  it  with  strong  paste,  beating  this  in  with  a 
brush  to  fill  up  the  pores  of  the  muslin.  Then  spread  paste  over 
the  back  of  the  paper^  and  when  it  has  soaked  into  it,  apply  it  to 
the  muslin,  inclining  the  board,  and  pasting  first  a  strip,  about  two 
inches  wide,  along  the  upper  side  of  the  paper,  pressing  it  down 
with  clean  linen  in  order  to  drive  out  all  air  bubbles.  Press  down 
another  strip  in  like  manner,  and  so  proceed  till  all  is  pasted.  Let 
it  dry  very  gradually  and  thoroughly  before  cutting  the  muslin 
from  the  board. 

Maps  may  be  varnished  with  picture  varnish ;  or  by  applying 
four  or  five  coats  of  isinglass  size,  letting  each  dry  well  before 
applying  the  next,  and  giving  a  full  flowing  coat  of  Canada  balsam 
dilated  with  the  best  oil  of  turpentine. 


PART  XI. 

LAYING    OUT,   PARTING    OFF.   AND 
DIVIDING    UP   LAND.* 


LAflN'C  OST  LAKD. 
(191)  Its  naturD.  This  operation  ia  precisely  ILe  ren 
those  of  SuiTeying  properly  so  called.  The  latter  measures  4 
lines  as  tliey  are ;  the  former  mai'ka  them  out  in  the  ground  ithoe 
they  are  reqirired  to  be,  in  order  to  satisfy  certain  conditJOB. 
The  same  instnimenta,  however,  are  used  as  in  Surreying. 

Perpendiculars  and  paralielg  are  the  lines  most  often  employed. 
The  Perpendiculars  may  be  set  out  either  with  the  chiun  alone, 
Arts.  (HO)  to  (169)  ;  stil!  more  easily  with  the  Cross-sta^  Art 
(lOi),  or  the  Optical-square,  Art.  (107);  and  most  precisely  witli 
a  Transit  or  Theodolite,  Arts.  (402)  to  (106).  Paralteit  nuj 
also  he  set  out  with  the  chain  alone,  Arts.  (160)  to  (166);  w 
■with  Transit,  kc.  Arts.  (407)  and  (408).  Tlie  ranging  out  of 
lines  by  rods  is  described  in  Arts.  (169)  and  (178),  and  with  ac 
Angular  instrument,  in  Arts.  (376),  (109)  and  (415). 

(493)  To  lay  out  squares.  Reduce  the  desired  content  ts 
square  cfaiuns,  and  extract  its  square  root.  This  will  be  the  lengdi 
of  the  required  side,  which  is  to  be  set  out  by  one  of  the  mctboils 
indicated  in  the  preceding  article. 

An  Acre,  laid  out  in  the  form  of  a  square,  is  frequently  desired 
hy  farmers.     Its  side  must  be  made  316^  links  of  a  Gtmter'e 


fuand  in  Appendix  1>- 


red.  wilt  h> 
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chain ;  or  208yyjy  feet ;  or  69x%V  yards.     It  is  often  taken  at 
70  paces. 

The  number  of  plants,  hills  of  corn,  loads  of  manure,  &c.,  which 
an  acre  will  contain  at  any  uniform  distance  apart,  can  be  at  once 
found  by  dividing  209  by  this  distance  in  feet,  and  multiplying 
the  quotient  by  itself ;  or  by  dividing  43560  by  the  square  of  the 
distance  in  feet.  Thus,  at  3  feet  apart,  an  acre  would  contain 
4840  plants,  &c. ;  at  10  feet  apart,  436 ;  at  a  rod  apart,  160 ; 
and  so  on.  If  the  distances  apart  be  unequal,  divide  43560  by 
the  product  of  these  distances  in  feet ;  thus,  if  the  plants  were  in 
rows  6  feet  apart,  and  the  plants  in  the  rows  were  3  feet  apart, 
2420  of  them  would  grow  on  one  acre. 

(193)  To  lay  oat  rectangleSi  The  content  and  length  being 
giveuj  both  as  measured  by  the  same  unit,  divide  the  former  by 
the  latter,  and  the  quotient  will  be  the  required  breadth.  Thus,  1 
acre  or  10  square  chains,  if  5  chains  long,  must  be  2  chains  wide. 

The  content  being  given  and  the  length  to  be  a  ce^'tain  number 
of  times  the  breadth.  Divide  the  content  in  square  chains,  &c.,  by 
the  ratio  of  the  length  to  the  breadth,  and  the  square  root  of  the 
quotient  will  be  the  shorter  side  desired,  whence  the  longer  side 
is  also  known.  Thus,  let  it  be  required  to  lay  out  30  acres  in  the 
form  of  a  rectangle  3  times  as  long  as  broad.  30  acres  =  300 
square  chains.  The  desired  rectangle  will  contain  3  squares,  each 
of  100  sq.  chs.,  having  sides  of  10  chs.  The  rectangle  will  ther^ 
fore  be  10  chs.  wide  and  30  long. 

An  Acre  laid  out  in  a  rectangle  twice  as  long  as  broad,  will  be 
224  Unks  by  448  links,  nsarly ;  or  147 J  feet  by  295  feet ;  or  49J 
yards  by  98|  yards.  50  paces  by  100  is  often  used  as  an  ap- 
proximation, easy  to  be  remembered. 

The  content  being  given^  and  the  difference  between  the  length 
and  breadth.  Let  c  represent  this  content,  and  d  this  diflference. 
Then  the  longer  side  =  ^  cZ  +  ^  ^(d^  +  4  c). 

Example,  Let  the  content  be  6.4  acres,  and  the  difference 
12  chains.  Then  the  sides  of  the  rectangle  will  be  respectivfily 
16  chains  and  4  chains. 


332  LWlXti  Ol'T  am  OIVIDIKG  UP  LVXD.       [pmxi 

The  content  being  given,  and  the  mm  of  the  length  and  brM^A 
liCt  e  reprcsenD  this  content,  axA  a  this  sum.  Then  tfae  longn 
Mde=^s+  J  ^/(s- — 4c). 

Example.  Let  the  content  be  6.4  acres,  and  the  sum  ?0  cbaiu 
The  above  formula  gives  the  sides  of  the  rectangle  16  cbmns  and  i 
chains  as  before. 

(491)  To  lay  oul  triangles.  ThQ  content  and  the  base  hm^ 
given,  divide  the  former  by  half  the  latter  to  get  the  hei^t.  hi 
any  point  of  the  base  erect  a  perpendicular  of  the  length  dm 
obtained,  and  it  will  be  the  vertex  of  the  required  triangle. 

The  content  being  given  and  the  base  having  to  be  w  times  the 
height,  the  height  will  equal  the  square  root  of  the  quotient 
obttuned  by  dividmg  twice  the  given  area  by  m. 

The  content  being  given  and  the  triangle  to  be  equilateral,  tal* 
the  square  root  of  the  content  aud  multiply  it  by  1.520.  Thepr*" 
duct  nill  be  the  length  of  the  side  required.  This  rule  makea  ft* 
sides  of  an  equilateral  triangle  containing  one  acre  to  bo  480ilili'* 
A  quarter  of  an  aero  laid  out  in  the  same  form  would  have  *•*■ 
side  240  UnkB  long.  An  equilateral  triangle  is  very  easily  set  "^ 
on  the  ground,  as  directed  in  Art.  (90),  under  "  Platting,"  os"? 
a  rope  or  chain  1 


2  X  ABC     A 


(495)  The  content  and  base  bemg  given,  and  one  side  h**"* 

to  make  a  given  angle,  as  B,  with  the  base  *''g-  3*2. 

AB,the  length  of  the  BideBC=- 


AB.i 


I.  li 


Example.     Eighty  acres  are  to  be  l^d  j 

out  in  the  fonn  of  a  triangle,  on  a  base, 

AB,  of  sixty  chams,  bearing  N.  80°  W.     | 

the  bearing  of  the  Bide  BC  being  N.  70°  E.     Here  the  angle   ^  '* 

found  from  the  Bearings  (by  Art.  (243),  reversing  one  of  ^'^^2 

to  be  30°.     Hence  BC  =  53.33.     The  figure  b  on  a  scale  t^  ^ 

chains  to  1  inch  =  1 :  39600. 

Any  righl>-liue  figure  may  be  Itud  out  by  analogous  meihoda^ 

(498)  To  lay  out  clrclcs>    Multiply  the  given  content  b^" 
divide  tlie  product  by  22,  and  take  Uie  square  root  of  the  quoii^^ 
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This  will  give  the  radius,  with  which  the  circle  can  be  described 
on  the  ground  with  a  rope  or  chain.  A  circle  containing  one  acre 
has  a  radius  of  178J  links.  A  circle  containmg  a  quarter  of  an 
acre  will  have  a  radius  of  89  links. 


(197)  Town  lotSi  House  lots  in  cities  are  usually  laid  oS  as 
rectangles  of  25  feet  front  and  100  feet  depth,  variously  combined 
in  blocks.  Part  of  New-York  is  laid  out  in  blocks  200  feet  by 
800,  each  containing  64  lots,  and  separated  by  streets,  60  feet 
wide,  running  along  their  long  sides,  and  avenues,  100  feet  wide, 
on  their  short  sides.  The  eight  lots  on  each  short  side  of  the  block, 
front  on  the  avenues,  and  the  remaining  forty-eight  lots  front  on 
the  streets.  Such  a  block  covers  almost  precisely  3|  acres,  and 
17^  such  lots  about  make  an  acre.  But,  allowing  for  the  streets, 
land  laid  out  into  lots,  25  by  100,  arranged  as  above,  would  con- 
tain only  11.9,  or  not  quite  12  lots  per  acre. 

Lots  in  small  towns  and  villages  are  laid  out  of  greater  size  and 
less  uniformity.  50  feet  by  100  is  a  frequent  size  for  new  villages, 
the  blocks  being  200  feet  by  500,  each  therefore  contaimng  20  lots. 

(198)  Land  sold  for  taxesi  A  case  occurring  in  the  State  of 
New-York  will  serve  as  an  application  of  the  modes  of  laying  out 
squares  and  rectangles.  Land 
on  which  taxes  are  unpaid  is 
sold  at  auction  to  the  lowest 
bidder ;  i.  e.  to  him  who  will 
accept  the  smallest  portion  of 
it  in  return  for  paying  the  taxes 
on  the  whole.  The  lot  in  ques- 
tion was  originally  the  east 
half  of  the  square  lot  ABCD, 
containing  500  acres.  At  a 
sale  for  taxes  in  1830,  70  acres 
were  bid  oflF,  and  this  area  was 
set  off  to  the  purchaser  in  a  square  lot,  from  the  north-east  comer. 
Required  the  side  of  the  square  in  links.  Again,  in  1834,  29 
acres  more  were  thus  sold,  to  be  set  off  in  a  strip  of  equal  width 
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around  tho  aqiiare  previously  sold.  Required  the  widtL  of  tim 
strip.  Once  more,  m  1839,  42  acres  more  were  sold,  to  be  eel 
ofiF  around  the  prccedmg  piece.  Required  the  dimensions  of  this 
third  portion.  'iTie  answer  can  be  proved  by  calculating  if  the 
dimensions  of  the  remaining  rectangle  will  give  the  content  which 
it  should  have,  viz.  250  —  (70  +  ^9  +  42)  =  109  Acres. 
The  figure  is  on  a  scale  of  40  chains  to  1  inch  ^  1 :  31G80. 

(499)  New  coiinlrEes.  The  operations  of  laying  out  land  forthe 
purposes  of  settlers,  are  required  on  a  large  Fcale  in  new  countries, 
in  combination  with  their  survoy.  There  ia  great  difficulty  in 
uniting  the  necessary  precision,  rapidity  and  cheapness.  "Tri- 
angular Surveying"  will  ensure  the  6rst  of  these  qualities,  but  is 
deficient  in  the  last  two,  and  loaves  the  lading  out  of  lota  to  be 
Bubsequentlj  csecuted.  "  Compass  Surveying"  possesses  the  last 
two  qualities,  but  not  the  first.  The  United  States  systam  for 
surveying  and  laying  out  the  Public  Lands  admirably  combines  an 
accurate  determination  of  standard  lines  (Meridians  and  Parallels) 
-li-ith  a  cheap  and  rapid  subdivision  by  compass.  The  subject  is  w 
important  and  extensive  that  it  will  be  exf^uned  by  itsdf  in 
PartXn. 


CHAPTER  11. 


PARTISG  OFF  LISD. 

(!H>0)  It  is  often  required  to  part  off  from  a  field,  or  fomi  o 
indefinite  space,  a  certain  number  of  acres  by  a  fence  ot  odm 
boundary  line,  which  ia  also  required  to  run  in  a  particular  Erec- 
tion, to  start  from  a  certain  point,  or  to  fulfil  some  other  condition. 
The  various  cases  most  likely  lo  occur  will  be  hore  arranged 
according  to  these  conditions.  Both  graphical  and  numerical  i» 
thods  will  generally  be  given." 
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The  given  content  is  always  supposed  to  be  reduced  to  square 
chains  and  decimal  parts,  and  the  lines  to  be  in  chains  and  deci- 
mals. 

A.      Br  A  LINE  PARALLEL  TO  A   SIDE. 

(501)  To  part  off  a  rectangle.  If  the  sides  of  the  field  adja- 
cent to  the  given  side  make  right  angles  with  it,  the  figure  parted 
off  by  a  parallel  to  the  given  side  will  be  a  rectangle,  and  its 
breadth  will  equal  the  required  content  divided  by  that  side,  as  in 
Art  (493). 

If  the  field  be  bounded  by  a  curved  or  zigzag  line  outside  of  the 
given  side,  find  the  content  between  these  irregular  lines  and  the 
given  straight  side,  by  the  method  of  oflfeets,  subtract  it  from  the 
content  required  to  bo  parted  off,  and  proceed  with  the  remainder 
as  above.    The  same  directions  apply  to  the  subsequent  problems. 

(502)  To  part  off  a  parallelogram.  If  the  sides  adjacent  to 
the  given  side  be  parallel,  the 
figure  parted  off  will  be  a  parallel- 
ogram, and  its  perpendicular  width, 
CE,  will  be  obtained  as  above. 
The  length  of  one  of  the  parallel 

.,  .^        CE  ABDC 

Bides,  as  AC  =  - — -  =  -r-^ — : — r-' 

Ein.  A       AB  .  sm.  A 


Fig.  344. 


Fig.  345. 


(503)  To  part  off  a  trapezoid.  When  the  sides  of  the  field 
adjacent  to  the  given  side  are  not  parallel,  the  figure  parted  off 
will  be  a  trapezoid. 

When  the  field  or  figure  is  given  on  the  ground,  or  on  a  plat, 
begin  as  if  the  sides  were  parallel, 
dividing  the  given  content  by  the 
base  AB.  The  quotient  will  be 
an  approximate  breadth,  CE,  or 
DF;  too  small  if  the  sides  con- 
verge, as  in  the  figure,  and  vice 
versa.  Measure  CD.  Calculate 
the  content  of  ABDC.    Divide  the  difference  of  it  and  the  required 
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content  by  CD.     Set  off  the  quotjent  perpendieular  to  CD,  (in  tLa 

figure,  outeide  of  it,)  and  it  will  give  a  new  line,  GH,  a  still  Dearer    I 

approximation  to  that  desired.     The  operation  may  be  repeated,  if 


approximation 
found 


(20J)  When  the  field  la  given  by  Bearings,  dfr 
duce  from  them,  as  in  Art.  (243),  the  angles  at  A 
and  B,  The  required  sides  will  then  be  given  by 
these  formulas ; 


CD: 


=  (AI3 


2  X  ABOD  ■  Bin.  (A  +  B)\ 


CD)-, 


.  (A  +  B)- 


BC  =  (AB  — CD)^ 


.  (A  +  B) 

When  the  sidea  AD  and  BO  diverge,  instead  of  convergii^i  w 
in  the  figure,  the  negative  term,  in  the  expres^on  for  CD,bec«M* 
positive ;  and  in  the  expressions  for  both  AD  and  BC,  ths  »» 
factor  becomes  (CD  —  AB). 

The  perpendicular  breadth  of  the  trapezoid  ^  AD  .  SD-  *' 
or  =BC.Bm.  B. 

Example.     Let  AB  run  North,  ax  chains ;  AD,  N.  80°  *" 
BC,  S.  60°  E.     Let  it  be  required  to  part  off  one  acre  by  a  f«f* 
parallel  to  AB.     Here  AB  =  0.00,  ABCD  =  10  square  cU^J** 
A  =  80°,B  =  60°.    A7ig.  CD  =  4.57,AD  =  1.92,BC  =  2^^ 
and  the  breadth  =  1.89.  ^^^ 

The  figure  is  on  a  scale  of  4  chains  to  1  inch  ^  1 :  3168.. ^^^H 

B.       B?    A   LINE   PERPENDICULAR   TO   A    SIDE.  ^^^| 

(505)  To  part  off  a  triangle.    Lot  FG  be  the  required  l***^ 

When   the   field    is    given    on    the  '■'■g-  3*'- 

ground,  or  on  a  plat,  at  any  point,  as 

D,  of  the  given  side  AB,  set  out  a 

"guess  fine,"  DE,  perpendicvdar  to 

AB,  and   calculate   the   content  of 

DEB.     Then  the  required  distance  EF,  from  the  angular  p(^**^ 

to  the  foot  of  the  desired  perpendicular,  = 


"VO- 
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^Example.     Lefc  BD  =  30  chains ;  ED  =  12  chains ;  and  the 
desired  area  =  24.8  acres.     Then  BF  =  35.22  chains. 
The  scale  of  the  figure  is  30  chains  to  1  inch  =  1 :  23760. 


(506)  When  the  field  is  given  by  Bearings, 
find  the  angle  B  from  the  Bearings ;  then  is 

BF=    //?^^V 

V  \  tang.  B  ; 

Example:    Let  BA  bear  S.  75°  E.,  and  BC 
N.  60®  E.,  and  let  five  acres  be  required  to  be 
parted  off  from  the  field  by  a  perpendicular  to  BA. 
angle  B  =  45°,  and  BF  =  10.00  chains. 


Fig.  34a. 


Here  the 


The  scale  of  the  figure  is  20  chains  to  1  inch  =  1 :  15840. 


B-'- 


(507)  To  part  off  a  quadrilateral.  Produce  the  converging 
sides  to  meet  at  B.     Calculate  the  Fig.  369. 

content  of  the  triangle  HKB,  whe-  (L 

ther  on  the  ground  or  plat,  or  from  x. 

Bearings.     Add  it  to  the  content 

of  the  quadrilateral  required  to  be 

parted  off,  and  it  will  give  that  of  the  triangle  FGB,  and  the  me* 

thod  of  the  preceding  case  can  then  be  applied. 

(508)  To  part  off  any  fignret  If  the  field  be  very  irregularly 
8liai>ed,  find  by  trial  any  line  which  will  part  off  a  little  less  than 
the  required  area.  This  trial  line  will  represent  HK  in  the  pre- 
ceding figure,  and  the  problem  is  reduced  to  parting  off,  accord- 
ing to  the  required  condition;  a  quadrilateral^  comprised  between 
the  trial  line,  two  sides  of  the  field,  and  the  required  line,  and  con- 
taining the  difference  between  the  required  content  and  that  parted 
off  by  the  trial-line. 

C.    By  a  line  running  in  any  given  direction. 

(509)  To  ]>art  off  a  triangle.  By  construction,  on  the  ground 
or  the  plat,  proceed  nearly  as  in  Art.  (505),  settmg  out  a  lino 
in  the  required  direction,  calculating  the  triangle  thus  formed,  and 
obtaining  BF  by  the  same  formula  as  in  that  Article. 

00 
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(510)  If  the  field  be  ghen  by  Bearings,  find 
from  them  the  angles  CBA  and  GFB ;  then  is 
!  X  BFGsin   (B  +  F)\ 


BF  = 


=Vf- 


.  F 


Example.  Let  BA  bear  S.  SO'  E. ;  EC, 
N.  80°  E, ;  and  a  fence  be  required  to  nm,from 
Bome  point  in  BA,  a  due  North  course,  and  to 
part  off  one  acre.  Required  the  distance  from 
B  to  the  point  F,  whence  it  must  start.  Ans. 
The  angle  B  =  70',  and  P  =  30=.  Then  BF  = 
6.47. 

The  scale  of  Fig.  350  ia  6  cbtuns  to  1  inch  =  1 :  4752. 


(511)  To  part  off  a  quadrilaleral.  Let  it  be  required  to  p***  1 
off,  by  a  line  running  in  a 
given  direction,  a  quadrila- 
teral from  a  field  in  which 
are  given  the  side  AB,  and 
the  directiona  of  the  two  B 
other  Bides  runnmg  from  A 
and  from  B. 

On  the  ground   or  plat 
produce  the  two  convergmg 
sides  to  meet  at  some  point     1 1 
E.     Calculate  the  content  ^ 

of  the  triangle  ABE.  Measure  the  side  AE.  From  ABE  Bubt**''' 
the  area  to  be  cut  off,  and  the  remamder  will  be  the  content  of  *'^ 
triangle  CDE.  From  A  sot  out  a  line  AP  parallel  to  the  g***^ 
direction.     Find  the  content  of  ABF.     Take  it  from  ABE,    ^^ 

MU3  obtain  AFE.     Tlicn  this  formula,  ED  =  AE  \/^i,  *""*     *^ 

tho  pome  D,  since  AD  =  AE  —  ED. 


(5I£)  When  the  field  and  the  dividing  line  are  given  by  B 
inga,  produce  the  sides  as  in  tho  last  article.     Find  all  the  an^^* 
(rom  the  Bearings.     Calculate  the  content  of  tlie  triangle  AI 
the  formula  for  one  side   and   its  including  angles. 


i 

:1b  ABE,       S 

J 
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desired  content  from  this  to  obtain   CDE.     Calculate  the  side 
AE=AB!!^.  ThenisAD=AE-  //?4-^^»: 

Bin.  E  V  \    Bin.  E  .  sin.  CDE     / 

Example.    Let  DA  bear  S.  20^°  W. ;  AB,  N.  51 1°  W.,  8.19  ; 

IJC,  N.  73^**  E. ;  and  let  it  be  required  to  part  off  two  acres  by  a 

fence,  DC,  running  N.  45°  W.    Ans.    ABE  =  32.50  sq.  chains ; 

whence  CDE  =  12.50  sq.  chs.    Also,  AE  =  8.37;  and  finally 

AD  =  8.37  —  5.49  =  2.88  chains. 

The  scale  of  Rg.  351  is  5  chains  to  1  mch  =  1 :  3960. 

If  the  sum  of  the  angles  at  A  and  B  was  more  than  two  right 
angles,  the  pomt  E  would  lie  on  the  other  side  of  AB.  The  neces- 
sary modifications  are  apparent. 

'  (513)  To  part  off  any  figure*  Proceed  in  a  similar  manner  to 
that  described  in  Art.  (508),  by  getting  a  suitable  trial-line,  pro- 
ducing the  sides  it  intersects,  and  then  applying  the  method  just 
given. 

D.    By  a  line  starting  from  a  given  point  in  a  sedb. 

(514)  To  part  off  a  triangle*  Let  it  be  required  to  cut  off 
from  a  comer  of  a  field  a  triangu-  Fjg.  352. 

lar  space  of  given  content,  by  a 
line  starting  from  a  given  point 
on  one  of  the  sides,  A  in  the  figure, 
the  base,  AB,  of  the  desired  tri- 
angle being  thus  given.  K  the 
field  be  given  on  the  ground  or  on 
a  plat,  divide  the  given  content 
by  half  the  base,  and  the  quotient  will  be  the  height  of  the  tri- 
angle. Set  off  this  distance  from  any  point  of  AB,  perpendicular 
to  it,  as  from  A  to  G ;  from  C  set  out  a  parallel  to  AB,  and  its 
intersection  with  the  second  side,  as  at  D,  will  be  the  vertex  of  the 
required  triangle. 

Otherwise,  divide  the  required  content  by  half  of  the  perpendi- 
eolar  distance  from  A  to  BD,  and  the  quotient  will  be  BD. 

*  This  original  formnla  is  very  convenient  for  logarithmic  compatatioD. 
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(515)  If  the  field  be  given  b;  the  Bearinga  of  tvo  sides  and  &t 
length  of  one  of  them,  deduce  the  angle  B  (Fig.  352)  from  th« 

Bearings,  as  in  Art.  (243).     Then  is  BD  =  ^|^1^^. 

If  it  ia  more  convenient  to  fix  the  point  D,  by  the  Second  Mfr 
thod,  Art.  (6),  that  of  rectangular  co-ordinates,  we  shall  ian 
EE  =  BD.co3.  E;  and  ED  =  BD  .  sin.  B. 

The  Bearing  of  AD  is  obtained  from  the  angle  BAD ;  which  ii 

,  .ED  ED  .         TJin 

ioiown,  Bince  =—  =  — r- irri^  tang,  BAD. 

'  EA       AB  —  BE  ° 

Example.  Eighty  acres  are  to  be  set  off  from  a  comer  (rf  s 
field,  the  course  AB  being  N.  80="  W.,  sixty  cbdns ;  and  the  'Bew- 
ingof  EDbeingN.  70='E.  Atis.  BD  =  53.33  ;  EE  =  46.1U; 
ED  =  26.67  ;  and  the  Bearing  of  AD,  N.  17°  23'  W. 

The  scale  of  Fig.  352  ia  40  chains  to  1  inch  =  1 :  31680. 

2ABD 


K  the  field  were  right  angled  at  B,  of  course  BD  = 


AB 


(516)  To  part  olT  a  quadrilateral.    Imagine  the  two  conreig- 

ing  sides  of  the  field  produced  to  meet,  as  in  Art.  (511).  Calco- 
lato  the  content  of  the  triangle  thus  formed,  and  the  question  niD 
then  be  reduced  to  the  one  esplained  in  the  last  two  articles. 


(517)  To  part  off  any  figure.  Proceeda3directedmArt.(5l3). 

Otherwise,  proceed  aa  follows. 

The  field  being  given  on  the  ground  or  on  a  plat,  find 
side  of  it  the  required  line  will  end,  by  drawing  or  runiuDg 


lines"  from  the  given  point  to 
ing  the  content  thus  parted  oS, 
If ,  aa  in  the  figure,  A  being  the 
giyen  point,  the  guess  line  AD 
parts  offless  than  the  required  con- 
tent, and  AE  parts  off  more,  then 
the  desired  division  line  AZ  will 
end  in  the  side  DE.  Subtract  the 
area  parted  off  by  AD  from  the 
required  content,  and  the  difference  will 


angles,  and  roaghiy  & 
Fig.  353. 


which 

'gUM 
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angle  ADZ.  Divide  this  by  half  the  perpendicular  let  fall  from" 
the  given  point  A  to  the  aide  DE,  and  the  quotient  will  be  the  base, 
or  distance  from  D  to  Z. 

Or,  find  the  content  of  ADE  and  make  this  proportion ;  ADE  : 
ADZ  : :  DE  :  DZ. 

(518)  The  field  being  ^von  by  Bearings  and  distances,  find 
u  before,  by  approximate  triab  on  the  plat,  or  otherwise,  which 
mdtt  the  desired  line  of  division  will  terminate  in,  as  DE  in  the  lost 
figure.  Draw  AD.  Find  the  Latitude  and  Departure  of  this 
line,  and  thence  its  length  and  Bearing,  as  in  Art,  (JIO)-  Then 
calculate  the  area  of  the  space  this  lino  parta  off,  ABCD  in  the 
figure,  by  the  usual  method,  cxplamed  m  Part  III,  Chapter  VI- 
Subtract  this  area  from  that  required  to  he  cut  off,  and  the  remain- 
der will  be  t!ie  area  of  the  triangle  ADZ.     Then,  as  in  Art.  (516), 

AD .  sin.  ADZ 

This  problem  may  be  executed  without  any  other  Table  than  that 
of  Latitudes  and  Departures,  thus.  Find  the  Latitude  and  Depar- 
ture of  DA,  as  before,  the  area  of  the  space  ABCD,  and  thenco 
the  content  of  ADZ.  Then  find  the  Latitude  and  Departure  of 
EA,  and  the  content  of  ADE.  Lastly,  make  this  proportion: 
ADE:  ADZ::  DE  :  DZ.' 

Example.  In  the  field  ABODE,  &c.,  part  of  which  is  shown 
in  Fig.  363,  (on  a  scale  of  4  chains  to  1  inch^  1 :  3168),  one 
acre  is  to  be  parted  off  on  the  west  side,  by  a  line  starting  from  the 
angle  A.  Required  the  distance  from  D  to  Z,  the  other  end  of 
tliis  dividing  line.i" 

The  only  courses  needed  are  these.  AB,  N.  53'^  W.,  1.55, 
BC,  N.  20=  E., 2.00 ;  OD,  N.  53^°  E.,  1.32 ;  DE,  S.  57° E.,  5.79. 
A  rough  measurement  will  at  once  shew  that  ABCD  is  less  than 
an  acre,  and  that  ABODE  is  more ;  hence  the  desired  tine  will  fall 

*  The  probtpm  mav  alio  ba  performed  by  inaking  iha  aide  on  wbich  Ibo  diri 
lion  line  ia  lu  Tiill,  a  Meridian,  aud  chntiging  ilia  Dearing*  bi  in  An.  {2H).  Tbo 
dilTtTence  of  ibe  new  Denarturea  will  \te  ihe  Depanuro  of  ibe  Diviiinn  line.  Ira 
PoritioD  con  (hen  be  eaiily  deicrininod,  by  calculDliona  rciembting  Ihoae  in  ?nrt 
VII,  ChaplCT  IV,  Art*.  C<43).  &c. 

t  If  ihe  whole  RelJ  lias  been  aiirvpyeU  aoJ  balnncod,  tie  balanced  Lnliludei 
and  Departuri'i  aliuulil  bo  Uaod.  We  will  here  auppote  the  lurvey  lo  have  provod 
perfectly  corrctl. 
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on  DE.  The  Latitudes  and  Departures  of  AB,  EC  and  CD  ut 
then  found.  From  them  the  course  AJ>  is  found  to  be  N.  8^*  E., 
3.63.  The  content  of  ABCD  will  be  3.19  square  chains.  Sul^ 
tractmg  this  from  one  acre,  the  reminder,  6.81  aq.  chs,,  b  the  mo- 
tent  of  ADZ.  AP  =  3.63  x  sin.  G5°  =  3.29.  Dividing  ADZ 
hy  half  of  this,  we  obtiun  DZ  ^  4,14  chains. 

By  the  Second  Method,  the  Latitude  and  Departure  of  DA,  tb« 
area  of  ABCD,  and  of  ADZ,  being  found  as  before,  we  next  find 
the  Latitude  and  Depai'turc  of  EA,  from  those  of  AD  and  DE, 
and  thence  the  area  of  ADE  =  9.53.  Lastly,  we  have  Jie  pro- 
pordon  9.53  :  6.81 ::  5.79  :  DZ  =  4.14,  as  before. 

E.   ByA-LINB  PASSING  TUROOOa  A  GIVBKPOINTWirOIN  THE  PIBLD. 

(519)  To  part  olT  a  Iriangfle.     Let  F  be  a  point  n-ichin  a  field 
through  which  it  is  reijuircd  to 
run  a  line  bo  aa  to  part  off  from 
the  field,  a  given  area  in  the 
form  of  a  triangle. 

When  the  field  is  given  on  the 
ground  or  on  a  plat,  the  division 
can  be  made  by  construction, 
thus.  From  P  di-aw  PE,  paral- 
lel to  the  side  BC.  Divide  tlie 
given  area  by  half  of  the  perpen- 
dicular distance  from  P  to  AC, 
and  aet  off  the  quotient  from  C 
to  G.  Bisect  GC  in  H.  On  , 
IIE  describe  a  senai-circlo.  On 
it  set  off  EK  =  EC.  Join  KH. 
Set  off  HL  =  HK.  The  line  LM,  drawn  from  L  through  P,  will 
be  the  division  line  required.*  If  UK  be  aet  off  in  the  contnrj 
Airection,  it  will  fix  another  Ime  L'PM',  meeting  CB  produced,  snd 
Ihua  parting  off  another  triangle  of  the  required  content. 

EiiampU.  Let  it  be  required  to  part  off  31.175  acres  by» 
fence  passing  through  a  point  P,  the  distance  PD  of  P  from  Aa 
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ide  BC,  measured  parallel  to  AC,  being  6  chains,  and  DC  18 

chains.    The  angle  at  C  is  fixed  by  a  "tie-line''  AB  =  48.00, 

BC  bemg  42.00,  and  CA  being  30.00.     Ans.     CL  =  27.31 

cbains,  or  CL'  =  7.69  chains. 

The  figure  is  on  a  scale  of  20  chains  to  1  inch  =  1  :  15840. 


Fig.  355. 


(520)    K  the  angle  of  the  field 
and  the  position  of  the  point  P  are 
giyen  by  Bearings  or  angles,  proceed 
thus.    Imd   the  perpendicular  dis- 
tances, PQ  and  PR,  fi:om  the  given 
point  to  the  sides,  by  the  formulas 
PQ  =  PC.sin.  PCQ;    and  PR  = 
^C  .  sm.  PCR.     Let  PQ  =  9,  PR 
=^,  and  the  required  content  =  c. 

TheuCL  =  ^±,/^4 ?i^ 

p  V\p^  Bin.  LCMi 
-Example,  Let. the  angle  LCM  =  82^.  Let  it  be  required  to 
P^rt  off  the  same  area  as  in  the  preceding  example.  Let  PC  = 
19.75,  PCQ=17o  30y,  PCR  =  640  29y.  Required  CL. 
^»w.  PQ  =  5.94,  PR  =  17.82,  and  therefore,  by  the  formula, 
^I*  =  27.31,  or  CL'  =  7.69 ;  correspondmg  to  the  graphical 
®^ltition.    The  figure  is  on  the  same  scale. 

If  the  given  point  were  without  the  field,  the  division  line  could 
"^  determined  in  a  similar  manner. 


) 


Fig.  356. 


(521)  To  part  off  a  qnadrilateral*  Conceive  the  two  sides  of 
^e  field  which  the  division  line  will  intersect, 
^A  and  CB,  produced  till  they  meet  at  a 
point  G,  not  shown  in  the  figure.  Calculate 
the  triangle  thus  formed  outside  of  the  field. 
Its  area  increased  by  the  required  area, 
wiD  be  that  of  the  triangle  EFG.  Then  the 
problem  is  identical  with  that  in  the  last 
article.  The  following  example  is  that 
given  m  Gummere's  Surveying.  The  figure 
represents  it  on  a  scale  of  20  chains  to  1  inch  =  1 :  15840. 
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Example.  A  field  is  bounded  thus:  N.  14°  W.,  15.20; 
N.  70^0  E.,  20.43 ;  S.  6^  E.,  22.79 ;  N.  86^^  yf^^  ig.OO.  A 
spring  within  it  bears  from  the  second  comer  S.  75^  E.,  7.90.  It 
is  required  to  cut  off  10  acres  from  the  West  side  of  the  field  by  a 
straight  fence  through  the  spring.  How  far  will  it  be  from  the 
first  comer  to  the  point  at  which  the  division  fence  meets  the  fourth 
side  ?    An%,  4.6357  chains. 


(522)  To  part  off  any  figure*    Let  it  be  required  to  part  off 
from  a  field  a  certain  area  by  Fig.  aw. 

a  line  passing  through  a  given  ~" 

point  P  within  the  field.  Run 
a  guess-line  AB  through  P. 
Calculate  the  area  which  it 
parts  off.  Call  the  difference 
between  it  and  the  required 
area  =  d.  Let  CD  be  the 
desired  line  of  division,  and 
let  P  represent  the  angle,  APC  or  BPD,  which  it  makes  wifli  the 
given  line.  Obtain  the  angles  PAC  =  A,  and  PBD  =  B,  either 
by  measurement,  or  by  deduction  from  Bearings.  Measure  PA 
and  PB.  Then  the  desired  angle  P  will  be  ^ven  by  the  following 
formula. 

Cot.  P  =  — ^  (cot.  A  +  cot.  B  —    ^^ J  ± 


V[ 


AP2  .cot.  B  — BP2  .cot.  A 


2d 


—  cot.  A  .  cot.  B  + 


\  I  cot.  A  +  cot  B  — 


AP2— .BP2\2 


"Id 


)i 


If  the  guess  line  be  run  so  as  to  be  perpendicular  to  one  of  the 
sides  of  the  field,  at  A,  for  example,  the  preceding  expres^on 
reduces  to  the  following  simpler  form. 

AP2_BP2\ 


Cot.  P  =  —  ^  (cot.  B  — 


v/[ 


AP^  .  cot.  B 
2d 


+ 


\  (cot.  B  — 


2d 


Apa  — BP^ 
2d 


)■] 


I.]  rarttac  •!  UaL  ufi 

It  WBB  nqmred  to  eut  off  &om  a  field  twelve  acres 
by  a  line  paeong  ttaon^  &  Bpring,  P.  A  guess-lbe,  AB,  -wta  run 
making  an  uigje  iritb  one  nde  of  the  field,  at  A,  of  55^,  and  with 
Uto  t^ipoaite  mde,  at  B,  of  81°.  The  area  thus  cut  off  was  found 
to  be  13.10  aereB.  From  the  spring  to  A  waa  9.30  chaiua,  and  to 
B  3.30  chuns.  Beqmred  the  an^e  which  the  required  line,  CD, 
most  make  irith  the  guess  Ui^e,  AB,  at  P.  Ant.  20^  46' ;  or 
—  86<>  25'.     The  heavy  broken  line,  CD',  shows  the  latter. 

Hie  wale  of  die  figmo  is  10  chains  to  linch=l  :  7920. 

If  the  g^en  point  were  outnde  of  the  field,  the  calculations  would 
bea 


F.    Bt  ihk  shobixst  possibls  linb. 

(SO)  T*  fUt  tff  ft  UtUgto.     Let  it  be  required  to  part  off  a 
triangoUr  space,  BDE,  of  ^ren  content,  from  the        Fig-  358. 
comer  of  a  field,  ABC,  hj  the  shortest  possible 
line,  DE. 

From   B  set  off  BD  and  BB  each  equal  to 

\/C^^b)  ■    "^^  ^^  ^^  ^^  obttoied  wiU  be 
perpeodtcnlar  to  the  line,  BF,  which  bisects  the  an- 

rieB.    Thele.,gtl.afDE=  '^''-""f „"">.     , 
^  °  COS.  to  ^ 

Example.  Let  it  be  required  to  part  off  1.8 
COTiier  cf  a  field,  the  angle,  B,  being  30^.  Am. 
7.21;  and  BE  =  3.73. 

Tbe  scale  of  the  figure  is  10  cbuns  to  1  inch=:l:T 

G.    Lasd  of  vabiablk  taloe. 

<534>  Let  the  figure  represent  a  field  in  wMch 
the  laod  is  of  two  qualities  and  values,  divided  b; 
the  *'  qoa&tj  line"  EF.  It  u  required  to  part  off 
from  it  a  qoanti^  of  land  worth  a  certain  sum,  bj 
«  strai^t  fence  panllel  to  AB.  y 

Moldplj  the  value  per  acre  of  each  part  by  its 
^km^^  '  '  ' »)  on  the  line  AB,  add  the  pro- 
jW^^b  te  Titoe  to  be  set  off  by  10,  divide 
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by  the  above  sum,  and  the  quotient  mil  be  the  deBired  breadth,  EC 
or  AD,  in  chains. 

Bxample.  Let  the  land  on  one  sido  of  EF  be  worth  $200  pei 
acre,  and  on  the  other  eiiie  $100.  Let  the  length  of  the  former, 
BE,  be  10  cha'ms,  and  EA  be  30  chains.  It  b  required  to  part 
off  a  quantity  of  land  north  $7500.  Ant.  The  width  of  Hie 
desired  strip  will  be  15  chains. 

The  scale  of  the  figure  is  40  ch^tia  to  1  inch  =  1 :  31G80. 

If  the  "  quahty  line  "  bo  not  perpendicular  to  AB,  it  may  be 
made  so  by  "  giving  and  taking,"  as  in  Art.  (121),  or  as  in  tlie 
article  following  this  one. 

The  same  method  may  be  applied  to  land  of  any  number  of 
different  qualities ;  and  a  combinadoa  of  ttus  method  with  the  {xe- 
ceding  problems  will  solve  any  case  which  may  occur. 
H.     Straiqhtenino  crooked  fences. 

(535)  It  is  often  required  to  substitute  a  stndght  fence  fv  a 
crooked  one,  st  that  the  former  shall  part  off  precisely  the  sun 
quantity  of  land  as  did  the  latter.  This  can  be  done  on  a  plat  \j 
the  method  given  in  Art.  (83),  by  which   the  irregular  figni 

Fig.  3G0. 


1...2...3...4...5  ia  reduced  to  the  equivalent  triangle  1... 5.. .3', and 

tlrfe  straight  line  6.. .3'  therefore  parts  off  the  same  quantity  of  lud 
on  either  side  as  did  the  crooked  one.  The  distance  from  1  to  3', 
as  found  ou  the  plat,  can  then  be  set  out  on  the  ground  and  tin 
straight  fence  be  then  ranged  from  3'  to  5 

The  work  may  be  done  on  the  ground  more  accuratelv  by  rm- 
ning  a  guess  lino,  AC,  Fig.  361,  across  the  bonds  of  the  fence  wlieh 
crooks  from  A  to  B,  measuring  offsets  to  the  bends  on  each  »de 
of  the  guess  line,  and  calculating  their  content.  If  the  sums  <rf 
these  areas  on  each  side  of  AC  chanced  to  be  equal,  that  would  b« 
the  line  desired ;  but  if,  as  in  the  figure,  it  passes  too  &r  on  OM 
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ride,  divide  the  diflFerence  of  the  areas  by  half  of  AC,  and  set  it 
off"  at  right  angles  to  AC,  from  A  to  D.  DC  will  then  be  a  line 
parting  off"  the  same  quantity  of  land  as  did  the  crooked  fence.  If 
the  fence  at  A  was  not  perpendicular  to  AC,  but  oblique,  as  AE, 
then  from  D  run  a  parallel  to  AC,  meeting  the  fence  at  E,  and  EC 
will  be  the  required  line. 


CHAPTER  III. 


DIVIDING  UP  LAND. 

(526)  Most  of  the  problems  for  "  Dividing  up"  land  may  be 
brought  under  the  cases  in  the  preceding  chapter,  by  regarding 
one  of  the  portions  into  which  the  figure  is  to  be  divided,  as  an 
area  to  be  "  Parted  off"  from  it.  Many  of  them,  however,  can 
be  most  neatly  executed  by  considering  them  as  independent  pro- 
blems, and  this  will  be  here  done.  They  will  be  arranged,  firutly, 
according  to  the  simplicity  of  the  figure  to  be  divided  up,  and  then 
Bub-arranged,  as  in  the  leading  arrangement  of  Chapter  II,  accord- 
ing to  the  manner  of  the  division. 


DIVISION  OF  TRIANGLES. 

(527)  By  lines  parallel  to  a  side*  Sup- 
pose that  the  triangle  ABC  is  to  be  divided  into 
two  equivalent  parts  by  a  line  parallel  to  AC. 
The  desired  point,  D,  from  which  this  line  is  to 
start,  will  be  obtained  by  measuring  BD  = 
AB  ^\.     So,  too,  E  is  fixed  by  BE  =  BC  y/\. 


Fig.  362. 


1(3  constructed   tliua. 
AB  33  a  diameter. 


Describe  a 
From  B  set 


.  BA.     At  F  erect  a  perpendi- 


N 


348  LITING  OIT  AIVD  DiriD^fi  n>  UM.      [pma 

Genertdly,  to  divide  the  triangle  into  two  parts,  BDE  and  ACED 
which  shall  have  to  each  other  a  ratio  =  m  :  n,  we  haveBI)=i 

This  may 
senueircle  on 

offBF=  — 

cular  meeting  the  semicircle  at  G.  Set  off  BG 
from  B  to  D.  D  is  the  Btarting  point  of  the  divi- 
sion line  required.  In  the  figure,  the  two  parte 
BF  is  therefore  =  |  BA. 

To  divide  the  triangle  ABC  into  five 
eqiuvalent  parts,  we  should  have,  similarly, 
BD=AB  Vy,  BD'  =  AB  Vf;  BD" 
=  AB  VV,  BD"'  =  AB  v/f 

The  same  method  wilt  divide  the  trian- 
gle mto  any  desired  number  of  parts  hav- 
ing any  ratios  to  each  other, 

(52S)  By  lines  perpendlcaUr  to  a  side. 

is  to  bo  divided  into  two  parts  having 
a  ratio  =  m  :  n,  by  a  line  perpendicular 
to  AC.  Let  EF  be  the  dividing  Une 
whose  position  is  reqxiired.  Let  BD 
be  a  perpendicular  let  fall  from  B  to 

AC.    Then  is  AE  =  ^(aC  X  AD  X  — ^)  ■      In  this  figure, 

AFE  :  EFBC  : :  m  :  n  : :  1  :  2. 

If  the  triangle  had  ia  be  divided  into  two  equivalent  parte,  th« 
above  expression  would  become  AE  =  i/CJ  AC  X  AD). 

(529)  By  lines  nrnning  In  any  fi\m  dlreclioD.  Let  a  biangle, 
ABC,  be  given  to  be  divided  into  two  parts,  having  a  ratio  =  m  :  n, 
by  a  line  making  a  given  angle  with  a  side.     Part  off,  as  in  Art 

(509)  or  (510),  Fig.  350,  an  area  BFG  =  - 


^.ABC.^ 
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(530)  By  lines  starting^  from  an  angle.    Divide  the  side  oppo> 
site  to  the  given  angle  into  the  required  num-  fig-  366. 

ber  of  parts,  and  draw  Unes  from  the  angle  to 
the  points  of  division.  In  the  figure  the  tri- 
angle is  represented  as  being  thus  divided  into 
two  equivalent  parts. 

If  the  triangle  were  required  to  be  divided  into  two  parts,  having 

to  each  other  a  ratio  ~  w  :  ;i,  we  should  have  AD  =  AC  — ; — » 

m  +  n 

and  DC  =  AC  — ^. 

m  +  n 

If*  the  triangle  had  to  be  divided  into  three 
parts  which  should  be  to  each  other  iiminip^ 


Fig.  367. 


we*  should  have  AD  =  AC 


m 


m  +  n  +  p 


,DE 


=  AC 


n 


,  and  EC  =  AC 


m  +  n  +  p  m  +  n  +  p' 

Suppose  that  a  triangular  field  ABC,  had  to  be  divided  among 
five  men,  two  of  them  to  have  a  quarter  each,  and  three  of  them 
each  a  sixth.  Divide  AC  into  two  equal  parts,  one  of  these  again 
into  two  equal  parts,  and  the  other  one  into  three  equal  parts. 
Run  the  lines  from  the  four  points  thus  obtained  to  the  angle  B. 

(531)  By  lines  starting  from  a  point  in  a  side-  Suppose  that 
the  triangle  ABC  is  to  be  divided  into  two 
equivalent  parts  bj  a  line  starting  from  a  point 
D  in  the  side  AC.  Take  a  pomt  E  in  the 
middle  of  AC.  Join  BD,  and  from  E  draw  a 
parallel  to  it,  meeting  AB  in  F.  DF  will  be 
the  dividing  line  required. 

The  point  F  will  be  most  easily  obtained  on  the  ground  by  the 
proportion  AD  :  AB  : :  AE  =  ^  AC  :  AF. 

The  altitude  of  AFD  of  course  equals  J  ABC  -r-  i  AD. 

If  the  triangle  is  to  be  divided  into  two  parts  having  any  other 
ratio  to  each  other,  divide  AC  in  that  ratio,  and  then  proceed  as 

before.     Let  this  ratio  =  m  :  w,  then  AF  = 


m 


AD 


m  +  n 
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(532)  Next  suppose  that  the  trian- 
gle ABC  is  to  be  divided  into  three 
equivalent  parte,  meeting  at  D.  The 
Utdtudea,  EF  and  GH,  of  the  parts 
iDE  and  DCG,  will  bo  obtained 
lividmg  J  ABC,  by  half  of  the  respective  ba^ea  AD  and  DC. 

If  one  of  these  quotients  gives  an  altitude  greater  than  that  of  t 
triangle  ABC,  it  nlll  shew  that  the  two  lines  DE  aud  DG  woe 
both  cut  the  same  side,  as  in  Fig,  370,  in  Fig.  370. 

which  EF  is  obtained  as  above,  and  GH  = 
I  ABC  -^  1  AD. 

In  practice  it  is  more  convenient  to  de-  , 

termine  the  pomta   F  and  G,  by  these      y^  \ 
proportions ;  r       h  b. 

BK:  AK::EF:  AF;  and  BK  :  AK  ::  GH  :  AH. 

The  division  of  a  triangle  into  a  greater  number  of  pais,  having 
any  ratios,  may  be  effected  in  a  similar  manner. 

(633)  This  problem  admits  of  a  more  elegant  solution,  mulo^fW 
to  that  given  for  the  division  into  two  ^'S-  3^1- 

partB,  grapliically.     Divide  AC   into 
three  equal  parts  at  L  and  M.     Join 
BD,  and  from  L  and  M  draw  paral- 
lels to  it,  meeting  AB  and  EC  in  E     **  E        ST*" 
and  G.     Draw  ED  and  GD,  which  will  he  the  desired  lines  of 
divTsion.     The  figure  ia  the  same  triangle  as  Fig.  369. 
"     The  points  E  and  G  can  be  obtained  on  the  ground  by  meisiB' 
ing  AD  and  AB,  and  making  the  proportion  AD ;  AB  : :  J  AC :  AIL 
The  point  G  is  similarly  obtained. 

The  same  method  will  divide  a  triangle  into  a  greater  mDnber  ' 
of  parts. 

(531)  To  divide  a  triangle  into  four  equivalent  trian^ea  ij 
lines  terminating  in  tlio  sides,  ia  very 
easy.  From  D,  the  middle  point  of  AB, 
draw  DE  parallel  to  AC,  and  from  F, 
the  middle  of  AC,  draw  FD  and  FE. 
The  problem  ia  now  solved. 
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(535j  Bf  lines  passing  throngh  a  point  wlUtln  the  trtugle. 

Let  D  be  a  given  point  (such  as  a  well,  ^'8-  ■^^^■^ 

&.C.)  within  a  triangular  field  ABC,  from 

which  fences  are  to  run  so  as  to  divide 

the  triangle  into  ttso   equivalent  p&rta. 

Join  AD.     Take  E  in  the  middle  of  BC, 

and  from  it  draw  a  parallel  to  DA,  meeting  AC  in  F.     EDF  is 

the  fence  required. 


IfT    B 


(536)  If  it  be  required  to  di- 
vide a  triangle  info  two  equiva^ 
lent  parts  bj  a  straight  line  pass- 
ing through  a  point  within  it,  pro- 
ceed thus.  Let  P  be  the  ^ven 
point.  From  P  draw  PD  paral- 
lel to  AC,  and  PE  parallel  to  BC. 
Bisect  AC  atF.  JomFB.  From 
B  draw  BQ  parallel  to  DF.  Then 
bisect  GC  in  H.  On  HE  de- 
scribe a  semicircle.  On  it  set  off 
EK  =  Ea  JoinKH.  Setoff 
HL  =  HK.  The  line  LM  drawn  ,^^^ 
from  L,  through  P,  will  be  I 
division  line  required. 

This  figure  is  the  same  as  that  of  Art.  (519).  The  triangle 
AJ3C  contains  62.35  acres,  and  the  distance  CL  =  27.31  chtuos, 
as  in  the  example  in  that  article. 


(537)   Next  suppose  that  the  trian-  Fig.  375, 

gle  ABC  b  to  be  divided  into  three 
equivalent  parts  by  lines  starting  from 
s  point  D,  witiiin  the  triangle,  given  by 
the  rectangular  co-ordinates  AE  and 
and  ED.  Let  ED  be  one  of  tiie  lines 
of  division,  and  F  and  G  the  other  points  required.  The  point  F 
will  be  determined  if  AH  is  known ;  AH  and  HF  being  its  rectan- 
gular coKirdinates.    From  B  let  fall  the  perpendicular  BK  on  AC. 
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other  point,  G,  ia  determined  in  a  Bimilar  e 

(538)  Let  DC,  instead  of  DE,  Fig.  376 
bo  one  of  the  required  lines  of 
division.  Divide  |  ABC  by  half 
of  the  porptndicular  DII,  let  fall 
from  D  to  AB,  and  the  quotient 
■will  be  the  distanee  BF.  To  find 
G,  if,  aa  in  this  figure,  tho  trian-  a^ 
gle  BDC  (=  BC  X  ^  DK)  is  less  than  J  ABC,  divide  &e  enwi 
of  tie  latter  (which  will  be  CDG)  by  4DE,  and  the  qoolaentirill 
beCG. 

&am^le.  Let  AB  =  30.00 ;  BO  =  45.00 ;  CA  =  50.00. 
Let  the  perpendiculars  from  D  to  the  sides  be  these;  DB^10.0Gi 
DH  =  20.00 ;  DK  =  5.17  J.  The  content  of  the  triangle  ABC 
will  be  G60.6  square  chams.  Each  of  the  small  triongleB  BBiA 
therefore  contain  222.2  sq.  cli3.,  BD  bemg  one  division  line.  W« 
BhaU  therefore  have  BF  =  222.2  -h  »  DII  =  22.2  chains.  BDG 
=  45  X  J  X  5.17^  =  116.4  sq.  chs.,  not  enough  for  a  second  per 
tion,  but  leaving  105.8  sq.  cha.  for  CDG ;  whence  CG  =  21.16 
chs.  To  prove  tho  work,  calculate  the  content  of  the  remaining 
portion,  GDFA.  We  shall  find  DGA  =  144.2  sq.  chs.,  and  ADF 
=  78.0  sq.  cha.,  making  together  222.2  sq.  cha.,  as  required. 

The  scale  of  Fig.  376  is  30  chains  to  1  inch  = 

(539)  The  precodbg  case  may 
be  also  solved  graphically,  thus. 
TakoCL  =  JAC.  Join  DL,  and 
from  B  draw  BG  parallel  to  DL. 
Join  DG.  Itwill  be  a  second  line 
of  division.  Then  take  a  point, 
M,  in  the  middle  of  BG,  and  from  a^ 
it  draw  a  line,  MF,  parallel  to  DA.  DF  will  bo  the  third  line  of 
division.  Thb  method  is  neater  on  paper  than  the  preceding ;  but 
less  convenient  on  the  ground. 
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(540)  Let  it  be  required  to  divide  Fig.  378. 

tiie  triangle  ABC  into  three  equiva- 
lent triangles,  by  lines  drawn  from 
the  three  angular  points  to  some  un- 
hoim  point  within  the  triangle.  This 
point  is  now  to  be  found.  On  any  A^ 
side,  as  AB.  take  AD  =  ^  AB.  From  D  draw  DE  parallel  to 
AC.    The  middle,  F,  of  DE,  is  the  point  required. 

If  the  three  small  triangles  are  not  to  be  equivalent,  but  arc  to 
iiave  to  each  other  the  ratios : :  ?n  :  n  :  jt>,  Fi>.  379. 

divide  a  side,  AB,  into  parts  having 
these  ratios,  and  through  each  point 
of  division,  D,  E,  draw  a  parallel  to 
the  side  nearest  to  it.     The  intersec- 
tion of  these  parallels,  in  F,  is  the   a 
point  required.     In  the  figure  the  parts  ACF,  ABF,  BCF,  are  as 
2:3:4. 

(dil)  Let  it  be  required  to  find  Fig.  380. 

die   position  of  a  point,  D,  situated 

within  a  given  triangle,  ABC,  and 

equally  distant  from  the  points  A,  B, 

C ;   and  to  determine  the  ratios  to 

each  other  of  the  three  triangles  into 

which  the  given  triangle  is  divided. 

By  construction,  find  the  centre  of  the  circle  passing  through 
A^?  B,  C.    This  will  be  the  required  point. 

By  calculation,  the  distance  DA  =  DB  =  DC  =  ^^  X  BC  x  CA 
'  4  X  area  ABC 

The  three  small  triangles  will  be  to  each  other  as  the  sines  of  their 
angles  at  D ;  i.  e.  ADB  :  ADC  :  BDC  : :  sin.  ADB  :  sin.  ADC  : 
sin.  BDC.  These  angles  are  readily  found,  since  the  sine  of  half 
of  each  of  them  equals  the  opposite  side  divided  by  twice  one  of 
^^  equal  distances. 


23 
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fig.  381. 


(512)  By  the  shortest  possible  iine.  Lot  it  be 
required  to  dividt  the  triangle  ABC  by  tlie  short- 
est possible  Mac,  D£,  into  two  parte,  which  shall 
be  to  each  other  : :  i«  :  /( ;  or  DUE  :  ABC  : :  m 
:  m  +  71. 

From  the  smallest  angle,  B,  of  the  triangle, 
measure  along  tho  Bides,  BA  and  BC,  a  distance 

BD  =  BE=^(-^x  ABxBc).    DEiatlie 

line  required.     It  is  perpendicular  to  the  line  EF  which  letea 

the  angle  ABC ;  and  it  is  =   ""',  „  ./(     "'—  x  Ali  x  BCl 
COB.  i  ii  V  \m  +  w  ' 

DIVISION    OF   RECTANGLES. 

(343)  By  Hncs  parallel  In  a  side.  Divide  two  oppoate  »d« 
Into  tho  required  number  of  parts,  either  equal  or  in  MJ  pW 
ratio  to  each  other,  and  the  lines  joining  the  points  of  diriwB'" 
he  the  lines  desired. 

Tlie  same  method  is  applicable  to  an/  parallelogram. 

Example.     A  rectangular  field  Fig.  582- 

ABCD,  measuring  15.00  chains 
by  8. CO,  is  bought  by  three  men, 
who  pay  respectively  8300,  §400 
and  $500.  It  ia  to  be  divided 
among  them  in  that  proportion. 
Ans.  The  portion  of  tlie  first, 
AEE'B,  is  obtained  by  makhig  the  proportion  300  +  400  +  SW : 
300  : :  15.00  :  AE  =  3.75.  EF  is  in  like  mamer  found  to  t« 
5.00;  andFD  =  <i.25.  BE' is  made  equal  to  AE ;  ETtoE^i 
and  F'C  to  FD.  Fences  from  E  to  E',  and  from  F  to  F, «'' 
divide  the  land  as  required. 

The  scale  of  tho  figure  is  10  chains  to  1  inch  =  1 :  7920. 

Tho  other  modes  of  dividing  up  rectangles  will 
the  head  of  "  Quadrilaterals,"  Art.  (51S),  kc. 
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DIVISION    OF   TRAPEZOIDS 


EF 


=V(- 


■ 


m  +  n 
The  distance  BE  =  ^^(f-^^). 

AD  —  x>U 

Example.  Let  AD  =  30  chains ;  BC  = 
20  chs. ;  and  AB  =  54J  chs. ;  and  the  parts 
to  be  as  1  to  2;  required  EF  and  BE. 
Am.    EF  =  23.80  ;  and  BE  =  20.65. 

The  figure  is  on  a  scale  of  30  chains  to  1 
inch  =  1 :  23760. 


Fig.  383. 


(514)  By  lines  parallel  to  the  bases.    Given  the  bases 
third  side  of  the  trapezoid,  ABCD,  to  be 
divided  into  two  parts,  such  that  BCFE  : 
EFDA  ::  m\n. 

The  length  of  tha  desired  dividing  line, 
m  X  AD2  +n  X  BC^ 


and  a 


H  X 


(515)  Given  the  bases  of  a  trapezoid,  and  the  perpendicular 
distance,  BH,  between  them ;  it  is  required  to  divide  it  as  before, 
and  to  find  EF,  and  the  altitude,  BG,  of  one  of  the  parts.     Let 

BCFE:  EFDA  ::m:n.     Then  BG  =  —  5£^iS  + 


A. 


AD— BC 


m 


2  X  ABCD  X  BH 


.m  +  n 

EF  =  BC  +  BG  X 


AD  — BC 
AD  — BC 
"~BH 


/BCxBH\a-| 
■^VaD  — BC/  J* 


Example.  Let  AD  =  30.00 ;  BC  =  20.00 ;  BH  =  54.00 ; 
and  the  two  parts  to  be  to  each  other  : :  46  :  89. 

The  above  data  give  the  content  of  ABCD  =  1350  square 
chsdns.  Substituting  these  numbers  in  the  above  formula,  we  obtain 
BG  =  20.96,  and  EF  =  23.88. 

(516)  By  lines  starting  from  points  in  a  side*  To  divide  a 
trapezoid  into  parts  equivalent,  or  having  any  ratios,  divide  ?ta 
parallel  sides  in  the  same  ratios,  and  join  the  corresponding  points. 


I 
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K  it  be  also  required  that  the  division  lines  shall  start  fna 
given  points  on  a  side,  proceed  ^    ^'^  ■" 

ihufi.  Let  it  be  required  to 
divide  the  trapezoid  AUCD 
into  three  equivalent  parts  by 
fences  starting  from  P  and  Q 
Divide  the  trapezoid,  as  above 
directed,  into  three  equivalent  ^ 
trapezoids  by  the  lloes  EF  and  6H.  These  three  trapezoids  mu 
novf  he  transformed,  thus.  Joia  EP,  and  from  F  draw  FB  panl 
lei  to  it.     Join  PR,  and  it  will  he  one  of  the  di-i-isioD  lines  reqimtd. 

The  other  division  line,  QS,  ia  obtained  similarly. 

(547)  Other  cases.     For  other  cases  :f  dividing  trapennds, 

apply  tlioge  for  quadrilaterala  in  general,  given  in  the  foUoiring 
articles.* 

DIVISION    OF   QUADRILATERALS. 
(518)  By  Hues  paraUcI  lo  a  side.     Let  ABCD  be  a  qvtiiA 
teral  which  it  is  required  to  Fig.  ass. 

divide,  by  a,  line  EF,  paral- 
lel to  AD,  into  two  parts, 
BEFC  and  EFDA,  which 
shall  be  to  each  other  as 
m:n.  Prolong  AB  and  CD 
to  intersect  in  G.  Let  a  be 
the  area  of  the  triangle 
ADG,  obtained  by  any  me- 
thod, graphical  or  trigono- 
metrical, and  a'  =  the  area 
of  the  triangle  BCG,  obtained  by  subtracting  the  area  of  the  gi«> 
quadrilateral  from  tliat  of  the  triangle  ADG.  Then  GK  =  Gfl 
VIt — — — r— I.     Having  measured  this  length  of  GK  from  Gob 

Gil,  set  off  at  K  a  perpendicular  to  GK,  and  it  will  be  thereqidrtd 
line  of  division. 

'  If  n  line  be  drawn  joining  the  middle  points  of  Hie  parallel  bases  of  •  t«p«- 
laid,  any  line  drnwn  tbraugh  tlio  middle  of  the  first  line,  aad  me«tu»  the  pant 
lei  boeea,  will  diiide  the  trapezoid  into  two  cquivaleot  parts. 
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Otherwise,  take  GE  =  GA-  /|     "       —I  ;   and  from  E  run 

a  parallel  to  AD. 

If  the  two  parts  of  the  quadrilateral  were  to  be  equivalent,  m  =w, 

and  we  have  GK  =  GH  w  I    T  ^  }  l   ^^^  consequently  GE  to 

GA  in  the  same  ratio. 

Example.  Let  a  quadrilateral,  ABCD,  be  required  to  be  thus 
divided,  and  let  its  angles,  B  and  C,  be  given  by  rectangular  co-ordi- 
nates, viz :  AB'  =  6.00 ;  B'B  =  9.00 ;  DC  =  8.00 ;  C'C  =  13.00 ; 
B'C  =  24.00.  Here  GH  is  readily  found  to  be  29.64 ;  ADG  = 
563.16  square  chains ;  and  BGC  =  220.16  square  chains.  Hence, 
by  the  formula,  GK  =  24.72  ;  whence  KH  =  GH  —  GK  =  4.92 ; 
and  the  abscissas  for  the  points  E  and  F  can  be  obtained  by  a 
ample  proportion. 

The  scale  of  the  figure  is  20  chains  to  1  inch  =  1 :  15840. 

If  the  quadrilateral  be  given  by  Bearings,  part  oflF  the  desired 

area  =  -!L-  .  ABCD,  by  the  formulas  of  Art.  (504). 

Suppose  now  that  a  quad-  Fig.  386. 

rilatera],  ABCD,  is  to  be  di- 
vided into  p  equivalent  parts, 
^7  lines  parallel  to  AD. 
Measure,  or  calculate  by  Tri- 
gonometry, AG.  Let  Q  be 
the  quadrilateral  ABCD,  and, 
M  before,  a'  =  BCG.     Then 


-AG^ 


a'  +  Q 

GI^-Ag7J^S;&c. 

(  a'  +  Q 
-ff  the  quadrilateral  be  given  by  Bearings,  part  oflF,  by  Art.  (504), 

p  •  ABCD,  then  part  ofiF  -  .  ABCD ;  &c. ;  so  m  any  similar  case. 
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(I>ld)  Br  liD«s  perpendicular  (o  a  side.     Let  ABCD  be  -. 

quadrilateral  which  13  to  be  divided,  hj  fig.  337, 

a  line  perpendicular  to  AD,  into  two 
parte  having  a  ratio  =  m  :  n.    By  hypo- 

thosia,  ABEF  =  — ^—  .  ABCD. 

'"  +  »  _ 

Taking  aivay  the  triangle  ABG,  the  ^ 
remainder,  GEEF,  will  be  to  Hie  rest  of  the  figure  in  a  Imoira 
ratio,  and  the  poaiHon  of  EF,  parallel  to  BQ,  will  be  found  Ilia 
the  last  article. 

(550)  By  Ifucs  running  In  any  giTcn  direction.    To  diride 
a  quadrilateral  ABCD  into  tivo  parts  ::  m:  n,  part  off  from  it  in 

area  =  — ^  .  ABCD,  by  the  methods  of  Arta.  (509)  or  (il«), 

if  the  area  parted  off  ia  to  be  a  triangle,  or  Arta,  (511)  or  (Sl!)i 
if  the  area  parted  off  ia  to  be  a  quadrilateral. 


(531)  By  lines  starting  from  au  angle. 

divided,  by  the  line  OE,  into  two 
parts  having  the  ratio  m  :  n. 
Since  the  area  of  the  triangle 


ABCD  ia  to  b* 


CDE=- 


.  ABCD,  DE  will 


be  obtained  by  dividing  tliia  area 
by  half  of  the  altitude  CF. 

(552)  By  lines  starting  from  points  in  a  side.      Let  it  ^ 

required  to  di\-ido  ABCD  into  two  F'g-  389, 

parte  : :  m  :  )t,  by  a  line  starting  irom 
Sic  point  E.  The  area  ABFE  is 
kno™,  (being  =  — ^^  .  ABCD)  as 

also  ABE;  AB,  BE,  and  EA  be- 
ing given  on  the  ground.     BEF  will  then  be  known=ABPB-' 


ABE.     Then  GF : 


EEP 


a  parallel  to  BE,  at  a  perpendicular  distance  from  it 


,ett  Dynu«"*     11 
t  =  OF^^H 
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To  divide  a  quadrilateral,  ABCD, 
graphically,  into  tieo  equivalent  parts 
hy  a  line  from  a  point,  E,  on  a. 
side,  proceed  thu3.  Draw  the  diago- 
nal CA,  and  from  B  draw  a  parallel 
to  it,  meeting  DA  prolonged  in  F. 
Mark  the  middle  point,  G,  of  FD. 
Join  GE.  From  C  draw  a  parallel  to  EG,  meeting  DA  in  H.  EH 
is  the  required  line.  Tlie  quadrilateral  could  also  be  divided  in 
any  ratio  ^  wi :  m,  by  dividing  FD  in  that  ratio. 

If  the  quadrilateral  be  ^vSn  by  Bearings,  proceed  to  part  off 
the  desired  area,  as  in  Art.  (515)  or  (516). 

(553)  Let  it  be  required  to  divide  a  quadrilateral,  ABCD,  into 
three    equivalent    parts.  Fig.  391. 

From  any  angle,  as  C, 
draw  CE,  parallel  to  DA. 
Divide  AD  and  EC,  each 
into  three  equal  parts,  at 

F,  F',  and  G,  G'.  Draw 
EF,  BF'.  From  G  draw 
GH,  parallel  to  FB,  and 
from  G'  draw  G'H',  pa-   "  ^  *" 

rallel  to  F'B.     FH  and  F'H'  are  the  required  lines  of  division. 

Let  it  be  required  to  make  Fig.  392. 

the  above  division  by  lines 
ttarting  from  two  given 
points,  P  and  Q.  Reduce 
the  quadrilateral  to  an  equi- 
valent triangle  QBE,  as  in 
Art.  (87).  Divide  EB  into 
three  equal  parts  at  F  and 

G.  Join  CQ,  and,  from  G,  "  -  -  i.  -  h  ■- 
draw  GK  parallel  to  it.  Join  CP,  and  from  F  draw  FL  parallel 
to  it.     Join  PL  and  QK,  and  they  will  be  the  division  lines  required. 

(551)  By  Hoes  passing  Ihrongh  a  point  wlihin  the  flgrnre. 

Proceed  to  part  off  the  desired  area  as  in  Arta.  (519),  (520),  m 
(521),  according  to  the  circumstances  of  the  case. 
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DIVISION    OF    POLYGONS. 
(555)  By  lines  rnnnln?  in  any  direction.     Let  ABCDEFO  bt 

a  given  polygon,  and  BH  the  di- 
rection parallel  to  whicli  is  to  be 
drawn  a  lino  PQ,  dividing  tlie 
polygon  into  two  parts  in  any  de- 
sired  ratio  =  m  :n.     The   area 


PCDEQ  = 


. ABCDEFG 


TaHng  it  from  the  area  BCDEH, 

the  remainder  will  be  the  area 

BPQH.        The       quadrilateral 

BCEH,  CE  being  supposed  to  be  drawn,  can  tlien  be  divided  Ij 

the  method  of  Art.  (518),  into  two  parts,  BPQH  and  PQEC, 

having  to  each  other  »  known  relation. 

If  DK  were  the  given  direction,  at  right  angles  to  the  former, 
the  position  of  a  dividing  line  RS  could  be  similarly  obtiuned. 

(556)  By  lines  starling  from  an  aii^le>    Produce oneude^AB, 


of  tlie  given  polygon,  both  ways,  and  reduce  the  polygon  to  a  single 
equivalent  triangle,  XYZ,  by  the  meUiod  of  Art.  (S2).  Then 
divide  the  base,  XY,  in  the  required  ratio,  as  at  W,  and  draw 
ZW,  which  will  be  the  division  line  desired.  In  this  figure  tlie 
polygon  is  divided  into  two  equivalent  parts. 


cnA^.  III.] 
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If  the  dinsion  line  should  pass  outside  of  the  polygon,  as  does 
ZP,  through  P  draw  a  parallel  to  BZ,  meeting  the  adjacent  side 
of  the  polygon  in  Q,  and  ZQ  will  be  the  division  line  desired. 

(557)  By  lines  starting  from  a  point  on  a  side.  See  Articles 
(517)  and  (518)  in  the  preceding  chapter. 

(558)  By  lines  passing  through  a  point  within  the  figure* 

Part  ofiF,  as  in  Arts.  (519)  or  (522)  in  the  preceding  chapter, 
if  a  straight  line  be  required ;  or  by  guess  lines  and  the  addition 
of  triangles,  as  in  Art.  (538)  of  this  chapter,  if  the  lines  have 
merely  to  start  from  the  point,  such  as  a  spring  or  well. 


Fig.  31)5. 


(559)  Other  problems*     Tlie  following  is  from  Gummere's  Sur- 
veying.    Question.     A  tract  of  land  is 
bounded  thus :    N.  35 Jo  E.,  23.00  ;   N. 
75^o  E.,  30.50  ;  S.  3^^  K,  46.49 ;  N. 
eejc)  W.,  49.64.    It  is  to  be  divided  into 
four  equivalent  parts  by  two  straight  lines, 
one  of  which  is  to  run  parallel  to  the  third 
side ;  required  the  distance  of  the  parallel 
division  line  from  the  first  comer,  mea- 
Bured  on  the  fourth  side ;  also  the  Bearing 
of  the  other  division  line,  and  its  distance  from  the  same  comer 
measured  on  the  first  side.     Ans.     Distance  of  the  parallel  divi- 
sion line  from  the  first  comer,  32.50 ;  the  Bearing  of  the  other, 
S.  88^  22'  E. ;  and  its  distance  from  the  same  comer  5.99. 
The  scale  of  the  figure  is  40  chains  to  1  inch  =  1 :  31680. 

An  indefinite  number  of  problems  on  this  subject  might  be  pro- 
posed, but  they  would  be  matters  of  curiosity  rather  than  of  utility, 
and  exercises  in  Geometry  and  Trigonometry  rather  than  in  Sur- 
veying ;  and  the  youngest  student  will  find  his  life  too  short  for 
even  the  hastiest  survey  of  merely  the  most  fruitful  parts  of  the 
boundless  field  of  Mathematics. 


(560)  (ieneral  system.  The  Public  Lands  of  the  United  States 
of  America  are  generally  divided  and  laid  out  into  squares,  the 
ddes  of  which  run  truly  North  and  South,  or  East  and  \Vesi. 

This  is  effected  by  means  of  Meridian  tines  and  rarallola  of  Lati- 
tude, established  six  miles  apai-t.  The  principal  moi'idiana  and  base 
lines  are  estahlbhed  astronomically,  and  the  intcrmedinte  ones  are 
nm  with  chain  and  compass.  The  squares  thus  formed  are  called 
TowNSHTPS.  They  contain  36  square  miles,  or  23040  acres,  "  as 
Dearly  as  may  he."  The  map  on  the  opposite  page  represents  a 
portion  of  the  Territory  of  Oregon  thus  laid  out.  The  scale  is  10 
miles  to  1  inch  =  1 ;  G33G00.  On  it  will  be  seen  the  "Willamette 
Meridian,"  runnbg  truly  North  and  South,  and  a  "Base  Ime," 
which  ia  a  "  Parallel  of  Latitude,"  iimning  truly  East  and  West. 
Parallel  to  tliese,  and  six  miles  from  them,  aro  other  lines,  forming 
Townships.  All  the  Townships,  situated  North  or  South  of  each 
uiher,  form  a  Range.  The  Ranges  are  named  by  their  number 
East  or  West  of  the  principal  Meridian.  In  tlie  figure  are  seeu 
three  Ranges  East  and  West  of  the  AVillamette  ileridiau.  They  are 
noted  aa  K.  I.  E,,  R.  L  W.,  &c.  The  Townships  in  each  Range 
are  named  by  their  number  North  or  South  of  the  Base  line.     In 
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1851,  by  Joliii  M.  Moore,  '•  Priiicipal  Clerk  of  S 
J.  Buuerfield,  "  Commiuiancr  of  llie  General  Land  Office," 
the  ■ulbor  by  Hon.  Jobn  Wilioii,  ihe  ^rea-nl  Commiinoutr.  Tlie  aim  uf  Iho 
"  InnrnclioDi"  ii  ilated  lo  be  "  ilmplicily,  uniformily  end  pennnuenty."  Tlify 
•cem  wimirablyadopledforlbesoobjceli,  HudlheloslingimporloiiteofllieiQbji'C" 
in  tliii  cnumr;  hai  led  Ibe  nullior  to  reproduce  uboul  half  of  tticm  iu  tiiii  plnci! 
Thoy  were  Eubnequenliy  direclei]  to  bo  adopted  fur  tlie  Sun'eyipg  lervicu  il 
UitmewtB  aud  Cabforuiu. 
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the  figure  along  the  principal  Meridian  aro  seen  four  KotA 
and  five  South  of  the  Ease  line.  They  are  noted  as  T.  1 N. 
T.  2  N.,  T.  1  S.,  &c." 

Each  Toivnship  is  divided  into  86  Sbo-  j^ 

TIONS,  each  1  mile  square,  and  therefore 
containing,  "aa  nearly  a3  may  be,"  640 
acres.  The  sections  in  each  Township  are 
numbered,  as  in  the  margin,  from  1  t 
beginning  at  the  North-east  angle  of  the 
Township,  and  going  West  from  1  to  6, 
then  East  from  7  to  12,  and  so  on  alter-  " 

aately  to  Section  3(5,  which  will  be  in  the  South-east  angle  of  the 
Township.  The  Sections  are  sub-divided  into  Quarter-sections, 
)ialf-ar-mile  square,  and  containing  160  acres,  and  sometimes  into  h&lt 
quarter-sections  of  80  acres,  and  qnarter-quarter-scctions  of  40  acrea. 

By  this  beautiful  system,  the  smallest  subdivision  of  land  can  be 
at  once  designated ;  such  as  the  North-east  quarter  of  Section  31, 
in  Township  two  South,  in  range  two  East  of  Willamette  Meridian. 
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(561)  DilDcallyi  '*  The  law  requires  that  the  lines  of  the 
public  surveys  shall  be  governed  by  the  true  meridian,  and  that 
the  townships  shall  be  six  miles  square, — two  tilings  involving  b 
connection  a  mathematical  impossibility — for,  strictly  to  confbm 
to  tbe  meridian,  necessarily  throws  the  township  out  of  square,  bj 
reason  of  the  convergency  of  meridians ;  hence,  adhering  to  ^e 
true  meridian  renders  it  necessary  to  depart  from  the  strict  require- 
raenta  of  law  as  respects  the  precise  area  of  townships,  and  the 
subdivisional  parts  thereof,  the  township  assuming  something  of  a 
trapezoidal  form,  which  inequahty  developes  itself,  more  and  mors 
as  such,  the  higher  the  latitude  of  the  surveys.  In  view  of  these 
circumstances,  the  law  provides  that  the  sections  of  a  milcsquare 
shall  contain  the  quantity  of  640  acres,  as  nearly  as  tnay  ht;  and, 
moreover,  provides  that  '  In  all  cases  where  the  exterior  lines  of 
the  townships,  thus  to  be  subdivided  into  sections  or  half-seotions, 
Bhall  exceed,  or  shall  not  extend,  six  miles,  the  excess  or  deficiency 
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absH  be  specially  noted,  and  added  to  or  deducted  fi-om  the  u-estem 
or  narthent  ranges  of  seetiona  or  half-sections  in  such  tovmahip, 
according  as  the  error  maj  be  in  running  the  lines  irom  east  to 
west,  or  from  south  to  north,' " 
I  "  In  order  to  throw  the  excesses  or  deficiencies,  as  the  case  may 

be,  on  the  north  and  on  the  teest  sides  of  a  township,  according  to 
law,  it  is  necessary  to  survey  tho  section  lines  from  Boiith  to  north 
on  a  true  meridian,  leaving  tlie  result  in  the  northern  lino  of  the 
township  to  bo  governed  by  the  convexity  of  tho  earth  and  tho 
oonvergencj  of  meridians." 

Thus,  suppose  the  land  to  be  surveyed  lies  between  46^^  and  47° 
of  North  Latitude.  The  length, of  a  degree  of  Longitude  in  Lat. 
46°  N.  is  taken  as  48.0705  statute  miles,  and  in  Lat.  47^  N.  as 
47,1944.  The  difference,  or  convergency  per  square  degree  = 
0.8761  =  TO.OS  chains.  Tlie  convergency  per  Range  (8  per 
degree  of  Longitude)  equals  one-eighth  of  tliis,  or  8.76  chains; 
and  per  Township  (11  j  per  degree  of  Latitude)  equals  the  above 
divided  by  llj,  i.  e,  0.76  chain.  Vfe  therefore  know  that  tho 
Tfidth  of  tho  Townships  along  their  Northern  line  is  76  links  less 
than  on  their  Southeni  line.  Tho  townshipe  Korth  of  tho  base  line 
therefore  become  narrower  and  narrower  than  the  six  mile  width 
vith  'which  they  start,  by  that  amount ;  and  those  South  of  it  as 
mncb  wider  than  six  miles. 

"  Standard  Parallels  (usually  called  correction  lines'),  are 
established  at  stated  intervals  (24  or  30  miles)  to  provide  for  or 
counteract  the  eiTor  that  otherwise  would  result  from  tho  conver- 
gency of  meridians ;  and,  because  the  public  surveys  have  to  bo 
governed  by  the  true  meridian,  such  lines  serve  also  to  arrest  error 
arising  from  inaccuracies  in  measurements.  Such  lines,  when  lying 
north  of  the  principal  base,  themselves  consdtuto  a  base  to  the  aur^ 
veya  on  the  north  of  them ;  and  where  l)'ing  bouUi  of  the  prin- 
cipal base,  they  constitute  the  base  fof  tho  sun^eys  south  of  them." 

The  convergency  or  divergency  above  noticed  is  taken  up  on 
these  Correction  lines,  from  which  the  townships  start  again  with 
their  proper  widths.  On  these  therefcre  there  are  found  Double 
Comers,  both  for  Toivnsbips  and  Sections,  one  set  being  tho 
Closing  Co)-ners  of  the  surveys  ending  there,  and  the  other  sel 
the  Standard  Comers  for  the  surveys  starting  there. 


4 


\    bang  the 


866 

(562)  Rnnning  Township  lines.  "  Ttie  principal  meridian,  Uib 
base  line,  and  the  standard  parallels  having  been  first  astronomi- 
cally run,  measured,  and  marked,  according  to  instruclions,  on  tme 
meridians,  and  true  parallels  of  latitude,  the  process  of  ruaiang, 
measuring,  and  marking  the  exterior  fines  of  townships  will  l»e  » 
foUovra. 

Ibwnships  situated  NOBtii  of  the  lasc  line,  and  WEST  0/  tie 
principal  tneridian.'  Commence  at  No.  1,  being  the  southwest 
corner  of  T.  1  N. —  R.  1  W.,  as  established  on  the  base  line; 
thence  run  north,  on  a  true  meridian  line,  four  hundred  and  eightjr 
chains,  establishing  the  mile  and  half-mile  comers  thereon,  as  per 
instructions,  to  No.  2,  (the  northwest  comer  of  the  same  township), 
whereat  establish  the  comer  of  Tps.  1  and  2  N. — Ra.  1  and  2 
W. ;  thence  east,  on  a  random  or  trial  line,  setting  f c/n/wr ary  nule 
and  half-mile  stakes  to  No.  3,  (the  northeast  comer  of  the  sane 
townslup),  where  measure  and  note  the  distance  at  which  die 
line  intersects  the  eastern  boundary,  north  or  south  of  the  Inie 
or  established  comer.  Run  and  measure  westward,  on  the  tnie 
line,  (taking  care  to  note  all  the  land  and  water  crossing,  ic.,  aa 
per  instructions),  to  No.  4,  which  is  identical  with  No.  2,  estabhab- 
ing  the  mile  and  half-mile  permanent  cokxerb  on  said  line,  tlw 
last  half-milo  of  which  will  fall  abort  of  being  forty  chains,  by  about 
the  amount  of  the  calculated  convergency  per  township,  76  links 
in  the  case  above  supposed.  Should  it  ever  happen,  however,  that 
such  random  lino  materially  lalls  short,  or  ovormns  in  length,  or 
intersects  the  eastern  boundary  of  the  township  at  any  considerable 
distance  from  the  true  comer  thereon,  (either  of  which  would  indi- 
cate an  important  error  in  the  surveying),  the  lines  must  1)6  rrtjVKedi 
even  if  found  necessary  to  rcmeaaure  the  meridional  boundaries  of 
the  township  (eapeciaUy  the  western  boundary),  so  as  to  discorer 
and  correct  the  error ;  in  doing  which,  the  true  comers  must  be 
established  and  marked,  and  the  fahe  ones  destroyed  and  oblite- 
rated, to  prevent  confusion  in  future  ;  and  all  the  facta  must  be 
distinctly  set  forth  in  the  notes.  Thence  proceed  in  a  sinulaf 
manner  north,  from  No.  4  to  No.  5,  (the  N.  W.  comer  of  T.  2  N. 
— R.  1  W.),  east  from  No.  5  to  No.  6,  (the  N.  E.  comer  of  tho 
same  township),  west  from  No.  6  to  No.  7,  (the  same  as  No.  5), 
north  from  No.  7  to  No.  «,  (the  N.  W.  comer  of  T.  3  N.,  R.  1 W.), 
east  from  No.  8  to  Na.  9,  (the  N.  E.  comer  of  same  township),  and 
thence  west  to  No.  10,  (the  same  as  No.  8),  or  the  southwest  comer 
T.  4  N. — R.  1  W.  Thenco  north,  still  on  a  true  meridian  line, 
establishmg  the  mile  and  half-mile  comers,  until  reaching  the 
8TAXDAKD  PARALLHi.  Or  Correction  line,  (which  b  here  four  town- 
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ships  north  of  the  base  line);  thro^ving  the  excess  over,  or  deficiency 
under,  four  hundred  and  eighty  chains^  on  the  last  half-mile, 
according  to  law,  and  at  the  intersection  establishing  the  "  closing 
CORNER,"  the  distance  of  which  from  the  standard  comer  must  be 
measured  and  noted  as  required  by  the  instructions.  But  should 
it  ever  so  happen  that  some  impassable  barrier  will  have  prevented 
or  delayed  the  extension  of  the  standard  parallel  along  and  above 
the  field  of  present  survey,  then  the  surveyor  will  plant,  in  place, 
the  comer  for  the  township,  subject  to  correction  thereafter,  should 
8uch  parallel  be  extended. 

Townships  situated  north  of  the  base  line^  and  east  of  the 
principal  meridian.     Commence  at  No.  1,  being  the  southeast 
comer  of  T.  1  N. — R.  1  E.,  and  proceed  as  with  townships  situar 
ted  "  north  and  west,"  except  that  the  random  or  trial  hnes  will  be 
run  and  measured  west,  and  the  true  lines,  east,  throwing  the 
excess  over  or  deficiency  under  four  hundred  and  eighty  chains  on 
the  west  end  of  the  line,  as  required  by  law  ;  wherefore,  the  sur- 
veyor will  commence  his  measurement  with  the  length  of  the  defi- 
cient or  excessive  half-section  boundary  on  the  west  of  the  town- 
ship, and  thus  the  remaining  measurements  will  all  be  even  miles 
and  half-miles. 

Townships  situated  south  of  the  base  line,  and  west  of  the 
jprineipal  meridian.  Commence  kt  No.  1,  the  northwest  comer 
of  township  1  S.,  range  1  W*,  and  proceed  due  south  in  running 
and  measuring  line,  establishing  and  marking  the  mile,  half-mile, 
and  township  comers  thereon,  precisely  in  the  method  prescribed 
lor  running  north  and  west,  with  the  exception  that,  in  order 
"to  throw  the  excess  or  deficiency  (over  or  under  four  hundred  and 
eighty  chains)  of  the  western  boundaries  of  such  of  those  townships 
as  close  on  the  standard  parallel  on  the  south,  upon  the  most 
northern  half-mile  of  the  townships,  according  to  law,  the  proceed- 
ing will  be  as  follows. 

The  westem  (meridional)  boimdary  line  of  every  township, 
closing  on  the  standard  parallel,  (being  every  fifth  one  in  this 
case),  will  be  carefully  run  south,  on  a  true  meridian,  until  it  mter- 
sects  the  standard,  planting  stakes  and  making  distinctive  marks 
on  line  trees,  in  suflScient  number  to  serve  as  guides  in  afterwards 
retracing  the  line  north  with  ease  and  certainty.  At  the  point  of 
the  line's  intersection  of  the  standard,  the  surveyor  will  establish 
the  "  closing^^  (southwest)  comer  of  the  township,  noting  in  his 
field-book  its  distance  and  direction  from  the  "  standard  comer." 
Then  starting  from  such  "  closing  comer,"  he  will  proceed  fiorth 
on  the  line  identified  by  the  guide  stakes  and  marks,  measuring 
Buch  line,  and  establishing  thereon  the  mile  and  half-^mile  stations, 
and  noting,  as  he  goes,  all  the  land  and  water  crossings,  &c. 
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J^wwaAyJB  situated  SOUTH  of  the  base  line,  cmd  EAST  of  W^W* 
priimpal  meridian.     Commence  at  No.  1,  at  the  northeast  com^M^i 
of  townsliip  1  S,,  range  1  E.,  and  proceed  precisely  as  irith  lb;:*e 
townships   situuted  "  south  and  west,"  except  that  the  random  •«« 
lines  will  ho  run  and  measured  west,  and  the  true  linos  east;  thr^th* 
deficiency  or  excess  of  the  meaaureraenta  being,  as  in  aU  oth»-  -er 
cases,  thrown  ujioii  the  most  western  half-mile  of  line." 

(S63)  Rnnning  SecUoo  lines.    The  interior  or  eeclJonal  lin^  « 
of  all  toivnships,  however  situated  in  reference  to  the  Base  nim-^i 
Meridian  Imcs,  are  laid  off  and  surveyed  as  below. 
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In  the   ahove  Diagram,  the  squares  and  large  figures  rept* 
sent  sections,  and  the  small  figures  at  their  corners  are  thoM 
referred  to  in  the  following  directions. 

"  Commence  at  No.  1,  (see  sinall  figures  on  diagram),  tlie  eo^ 
Mr  established  on  the  township  boundary  for  sections  1, 2, 35,  and 
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36 ;  thence  run  north  on  a  true  meridian ;  at  40  chains  setting 
the  hfllf-^nile  or  quarter-section  post,  and  at  80  chains  (No.  2) 
establishing  and  marking  the  comer  of  sections  25, 26, 35,  and  36. 
Thence  east,  on  a  random  line,  to  No.  3,  setting  the  temporary 
quarter-section  post  at  40  chdna,  noting  the  measurement  to  No,  S, 
and  the  measured  distance  of  the  random's  intersection  nortA  or 
»outh  of  the  true  or  established  comer  of  sections  25,  36,  30,  and 
31,  on  the  township  boundary.  Thence  correct,  west,  on  the  trut 
lioe  to  No.  4,  setting  the  quarter-section  post  on  this  line  exactly 
at  the  equidistant  point,  now  known,  between  the  section  comeiB 
indicated  by  the  small  figures  Nos.  3  and  4.  Proceed,  in  like 
manner,  from  No.  4  to  No.  5,  5  to  6,  6  to  7,  and  so  on  to  No.  16, 
the  comer  to  sections  1,  2, 11,  and  12.  Thence  norUi,  on  a  ran- 
dom line,  to  No.  17,  setting  a  temporary  quarter-section  post  at  40 
chuns,  noting  the  length  of  the  whole  line,  and  the  measured  dis- 
tance of  the  random's  intersection  ea»t  or  west  of  the  true  comer 
of  sections  1,  2,  35,  and  36,  established  on  the  township  boundary , 
thence  southwardly  from  the  latter,  on  a  true  line,  noting  the 
"course  and  distance  to  No.  IS,  the  established  comer  to  sections 
1,  2,  11,  and  12,  taking  care  to  establish  the  quarter-section 
comer  on  the  true  line,  at  the  distance  of  40  chains  from  said  sec- 
tion corner,  so  as  to  throw  the  excess  or  deficiency  on  the  northern 
half-mile,  according  to  law.  Proceed  in  like  manner  through  all 
the  intervening  tiers  of  sections  to  No.  73,  the  comer  to  secUons 
31,  32,  5,  and  6 ;  thence  norOi,  on  a  true  meridian  Ime,  to  No. 
74,  establishing  the  quarter-section  corner  at  40  chains,  and  at  80 
chains  the  comer  to  sections  29,  80,  31,  and  32  ;  thence  east,  on 
a  random  line  to  No.  75,  setting  a  temporary  quarter-section  post 
at  40  chains,  noting  the  measurement  to  No.  75,  and  the  distance 
of  the  random's  intersection  north  or  south  of  the  established  comer 
of  sections  28,  29,  32,  and  33 ;  thence  west  from  said  comer,  on 
the  tme  line,  setting  the  quarter-section  post  at  Uie  equidistant 
point,  to  No.  76,  which  is  identical  with  74;  thenco  west,  on  a 
random  line,  to  No.  77,  setting  a  temporary  quarter-section  post 
at  40  chains,  noting  the  measurement  to  No.  77,  and  the  distance 
of  the  random's  intersection  with  the  western  boundary,  nortli  or 
touih  of  the  established  comer  of  sections  25,  36, 30,  and  31 ;  and 
from  No.  77,  correct,  eastward,  on  the  true  line,  giving  its  course, 
but  establishing  tlie  quarter-section  post,  on  this  line,  so  as  to 
retfun  the  distance  of  40  chains  from  the  comer  of  sections  29, 
30,  31,  and  32  ;  thereby  throwing  the  excess  or  dcficienin/  of  meik- 
Burcment  on  the  most  western  half-mile.  Proceed  nortJi,  in  a  simi- 
lar manner,  from  No.  78  to  79,  79  to  80,  80  to  81,  and  bo  on  to 
86,  tlie  south-east  comer  of  section  6,  where  having  established  tlio 
comer  for  sections,  5,  0,  7,  and  8,  run  thenco,  successively,  an 
24 
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random  line  eaet  to  95,  north  to  97,  and  wext  to  99;  and  by 
reverse  courses  correct  on  true  lines  back  to  said  louth-eatt  comer 
of  section  6,  establishing  the  quarter-section  comers,  aud  Doting 
the  courses,  distances,  &c.,  as  before  described. 

In  townships  contiguous  to  standard  parallels,  the  above  me^od 
will  be  varied  as  follows.  In  every  townsliip  socm  of  the  princi- 
pal base  line,  which  closes  on  a  standard  parallel,  the  aiurejor  will 
begin  at  the  south-east  comer  of  the  township,  and  measure  ueM  m 
the  standard,  establishing  thereon  the  mile  and  half-mile  comen, 
tini  noting  their  distances  from  the  pre-established  comers,  He 
then  wUl  proceed  to  subdivide,  as  Erected  under  the  above  bead. 

In  the  townships  north  of  the  principal  base  line,  whicb  rfo* 
on  the  standard  parallel,  the  sectional  lines  must  be  closed  on  tha 
standard  by  true  meridians,  instead  of  by  course  lines,  as  &tk^ 
under  the  above  head  for  townships  otherwise  situated ;  and  the 
connexions  of  the  closing  comers  with  the  pre-established  stjndart 
corners  aro  to  be  ascertained  and  noted.  Such  procedure  dM* 
away  with  any  necessity  for  runnmg  t!ie  randoms.  But  incase 
ho  is  unable  to  close  the  lines  on  account  of  the  standard  not  hav- 
ing been  run,  from  some  inevitable  necessity,  as  heretofore  meo- 
tiond,  ho  will  plant  a  temporary/  stoke,  or  mound,  at  the  end  of  the 
sixth  mile,  thus  leaving  the  linos  and  their  connexions  to  be  fitUjheJi 
and  the  permanent  comers  to  be  planted,  at  such  time  as  tin 
standard  shall  bo  extended." 

(564)  Esceplional  tnethodSi  Departures  from  the  general  e^ 
torn  of  subdividing  public  lands  have  been  authorized  bylawia 
certain  cases,  particularly  on  water-fronts. 

Thus,  an  act  of  Congress,  March  3, 1811,  authorized  (he  mr- 
veyors  of  Lousiana,  *'  in  surveying  and  dividing  such  of  the  pnb- 
lie  lands  in  the  said  territory,  which  are  or  may  be  authonieJ 
to  be  surveyed  and  divided,  as  are  adjacent  to  any  river,  lake, 
creek,  hayou,  or  water  course,  to  lay  out  the  same  into  tracts,  as 
far  as  praciieable,  of  fifty-eight  poles  in  front,  and  four  hundred 
and  sixty-five  poles  in  depth,  of  sucb  shape,  and  bounded  by  such 
lines,  as  the  nature  of  the  country  will  render  practicable  and  most 
convenient."  Another  act,  of  May  24,  1824,  auUiorizes  lands 
similarly  situated  "  to  be  surveyed  in  tracts  of  two  acres  in  width, 
fronting  on  any  river,  bayou,  lake,  or  water  course,  and  running 
back  the  depth  of  forty  acres ;  which  tracts  of  land,  so  surveyed, 
shall  be  offered  for  sale  entire,  instead  of  in  half-(juart«r-scctions." 

The  "Instructions"  from  which  wo  have  quoted  say,  "In  those 
localities  where  it  would  best  subserve  the  intoresta  of  the  peoplt 
to  have  fronts  on  the  navigable  streams,  and  to  run  back  into  tbt 
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uplands  for  quantity  and  timber,  the  principles  of  the  act  of  May 
24th,  1824,  may  be  adopted,  and  you  are  authorized  to  enlarge  the 
quantity,  so  as  to  embrace  four  acres  front  by  forty  in  depth,  form 
ing  tracts  of  one  hundred  and  sixty  acres.  But  in  so  doing  it  is 
designed  only  to  survey  the  lines  between  every  four  lotSj  (or  640 
acres),  but  to  establish  the  boundary  posts,  or  mounds,  in  front 
and  in  rear,  at  the  distances  requisite  to  secure  the  quantity  of  160 
acres  to  each  lot,  either  rectangularly,  when  practicable,  or  at 
oblique  angles,  when  otherwise.  The  angle  is  not  important,  so 
that  the  principle  be  maintained,  as  far  as  practicable,  of  making 
flie  work  to  square  in  the  rear  with  the  regular  sectioning. 

The  numbering  of  all  anomalous  lots  will  commence  with  No.  37, 
^  avoid  the  possibility  of  conflict  with  the  numbermg  of  the  regular 
sections." 

The  act  of  Sept.  27,  1850,  authorized  the  Department,  should 

it  deem  expedient,  to  cause  the  Oregon  surveys  to  be  executed 

^cording  to  the  principles  of  what  is  called  the  "Geodetic  Method." 

The  complete  adoption  of  this  has  not  been  thought  to  be 
expedient ;  but  "  it  was  deemed  useful  to  institute  on  the  piincipal 
base  and  meridian  lines  of  the  public  surveys  in  Oregon,  ordered 
to  be  established  by  the  act  referred  to,  a  system  of  triangulations 
from  the  recognized  legal  stations,  to  all  prominent  objects  within 
the  range  of  the  theodolite ;  by  means  of  which  the  relative  dis- 
tances of  such  objects,  in  respect  to  those  main  lines,  and  also  to 
each  other,  might  be  observed,  calculated,  and  protracted,  with 
the  view  of  contributing  to  the  knowledge  of  the  topography  of  the 
country  in  advance  of  the  progressing  linear  surveys,  and  to  obtain 
the  elements  for  estimating  areas  of  valleys  intervening  between 
the  spurs  of  the  mountains." 

"  Meandering"  is  a  name  given  to  the  usual  mode  of  surveying 

with  the  compass,  particularly  as  applied  to  navigable  streams. 

The  "  Instructions"  for  this  are,  in  part,,  as  follows. 

"  Both  banks  of  navigable  rivers  are  to  be  meandered  by  taking 
the  courses  and  distances  of  their  sinuosities,  and  the  same  are  to 
be  entered  in  the  'Meander  field-book.'  At  those  points  where 
either  the  township  or  section  lines  intersect  the  banks  of  a  navi- 
gable stream,  posts,  or,  where  necessary,  mounds  of  earth  or  stone, 
(as  noted  in  Art.  (666,))  are  to  be  established  at  the  time  of 
running  these  Imes.  These  are  called  "  meander  comers ;"  and 
m  meandering  you  are  to  commence  at  one  of  those  comers  on  the 
x)wnship  line,  coursing  the  banks,  and  measuring  the  distance  of 
lach  course  from  your  commencing  comer  to  the  next  *  meander 
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corner,'  upon  the  same  or  another  boundary  of  the  same  township; 
carefully  noting  your  intersection  with  aU  intermediate  muawiei 
ooraera.  By  tho  same  method  you  arc  to  meander  the  oppoaw 
bank  of  the  same  river. 

The  crosaing  distance  between  the  meander  COBNEHS,  on  samt 
line,  is  to  he  ascertained  by  triangulation,  in  order  that  tlie  rifM 
may  be  protracted  with  entire  accuracy.  The  particulars  to  bt 
given  in  the  field-notca. 

The  courses  and  distances  on  meandered  navigable  streana, 
govern  the  calculations  wherefrom  are  aacertained  the  true  uex 
of  the  tracts  of  land  (sections,  quarter  sections,  ie.)  known  to  tb« 
law  03  fractional,  and  bounding  on  such  streams." 

You  are  also  to  meander,  in  manner  aforesaid,  all  lakei  uw 
deep  ponds  of  the  area  of  twenty-fivo  acres  and  upwards;  al» 
navigable  bayous. 

The  precise  relative  position  of  blands,  in  a  township  niw« 
fractional  by  the  river  in  which  tho  same  are  situated,  kio^ 
determined  trigonometric  ally.  Sighting  to  a  flag  or  other  faw 
object  on  the  island,  from  a  special  and  carefully  measured  bw* 
line,  connected  with  the  surveyed  lines,  on  or  near  the  rirer  bwM 
you  are  to  form  connexion  between  tho  meander  comers  on  tlio 
river  to  points  corresponding  thereto,  in  direct  line,  on  ibo  \»^ 
of  the  island,  and  there  establish  the  proper  meander  comers,  vw 
calculate  tho  distance  across." 

(565)  Marking  LineSi     "  All  lines  on  which  are  to  be  eW^ 

lished  the  legal  corner  boundaries,  are  to  be  marked  after  tiw 
method,  viz:  Those  trees  which  may  intercept  your  line,  must 
have  two  chops  or  notches  cut  on  each  side  of  them  without  auj 
other  marks  whatever.  These  are  called '  aight  treee,'  or '  line  trect- 
A  sufficient  number  of  other  trees  standing  nearest  to  your  line, 
on  either  aide  of  it,  are  to  bo  blazed  on  two  sides,  diagonally  n 
quartering  towards  the  line,  in  order  to  render  the  line  cons[UC9- 
ous,  and  readily  to  be  traced,  the  blazes  to  be  opposite  each  ouer, 
coinciding  in  direction  with  the  line  where  the  trees  stand  verj 
near  it,  and  to  approach  nearer  each  other,  the  further  the  liM 
passes  from  the  blazed  trees.  Due  care  must  ever  be  taken  to 
have  the  lines  so  well  marked  as  to  be  readily  followed." 

(fiW)  niarkini:  Corners.  "  After  a  true  coursing,  and  most 
exact  measurements,  the  comer  boundary  is  the  consummation  of 
the  work,  for  which  all  the  previous  pains  and  expenditure  have 
been  incurred.  A  boundary  corner,  in  a  timbered  country,  is  to 
be  a  tree,  if  one  be  found  at  the  precise  spot ;  and  if  not,  a  fioit  \$ 
to  be  planted  thereat ;  and  the  position  of  the  comer  post  i*  to  be 
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indicated  by  trees  adjacent,  (called  Bearing  trees)  the  angular 
bearings  and  distances  of  which  from  the  corner  are  facta  to  ba 
ascertained  and  registered  in  your  field  book. 

In  a  region  where  atone  abounds,  the  comer  boundary  will  he  a 
Btnall  monument  of  stonea  along  ado  of  a  single  marked  atone,  for 
a  township  corner — and  a  single  stone  for  all  other  comers. 

In  a  region  where  timber  is  not  near,  nor  atone,  the  comer  will 
be  a  mound  of  earth,  of  prescribed  size,  varying  to  suit  the  case. 

Comers  are  to  be  fixed,  for  township  boundaries  at  intervals  of 
every  aii  miles ;  for  section  boundaries  at  intervals  of  every  mile, 
or  80  chains ;  and,  for  quarter  section  boundaries  at  intervals  of 
every  half  raile,  or  40  chains. 

Meander  Corner  Posts  are  to  be  planted  at  all  those  points 
where  the  township  or  section  lines  intersect  the  banks  of  such 
rivers,  lakes,  or  islands,  as  are  by  law  directed  to  be  meandered," 
as  expired  in  Art.  (564), 

When  posts  are  used,  their  length  and  size  must  be  proper^ 
tioned  to  the  importance  of  the  comer,  whether  township,  section, 
or  quarter-section,  the  first  being  at  least  24  inches  above  ground, 
and  3  inches  square. 

Where  a  township  post  is  a  comer  common  to  four  townships, 
K 
it  is  to  be  set  in  the  earth  diagonally,  thus :  w^E,  and  the  cardi- 

s 
nal  points  of  the  compass  are  to  be  indicated  thereon  by  a  cross 
line,  or  ^edge,  (one-eighth  of  an  inch  deep  at  least),  cut  or  sawed 
out  of  its  top,  as  in  tlie  figure.  On  each  surface  of  the  post  is  to 
be  marked  the  number  of  the  particular  township,  and  its  range, 
which  it/i(ces.  Thus,  if  the  post  be  a  common  boundary  to  four 
townships,  say  one  and  two,  south  of  the  base  line,  of  range  one, 
west  of  the  meridian  ;  also  to  townships  one  and  two,  south  of  t!ie 
baseline,  of  range  (wo,  west  of  the  meridian,  it  is  to  be  marked  thus: 
The  position  of  the  post  which 
13  here  taken  as  on  example,  la 
shewn  in  the  following  diagram. 
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These  marks  are  to  be  distinctly  and  nently  chiselled  into  thi 
wood,  at  le»st  the  eighth  of  an  inch  deep  ;  and  to  be  also  muked 
with  red  chalk.  The  niiinher  of  the  aectiom  which  thej  rcspe> 
tiyely/ace,  ivill  al»o  be  marked  on  the  township  post. 

Section  or  mile  posts,  being  comers  of  sections,  when  thej  an 
common  to  four  sections,  are  to  be  set  diagonalltf  in  tbo  earth, 
(in  the  manner  provided  for  township  comer  posts),  and  with  i 
similar  cross  cut  in  the  top,  to  indicate  the  cardinal  pointa  of  the 
compass ;  and  on  each  side  of  the  squared  sorfacea  ia  to  be  marked 
the  appropriato  number  of  the  particular  one  of  the/ow  ttctie**, 
respectively,  which  such  side /aces;  also  on  one  side  thereof  «elO 
be  marked  the  numbers  of  its  township  and  range;  and  tonal™ 
such  marks  yot  more  conspicuous,  (in  manner  aforesaid),  adMl 
of  red  chalk  is  to  be  applied. 

In  the  case  of  au  isolated  township,  subdivided  into  thirty** 
sections,  there  are  twenty-five  interior  sections,  the  south-west  cor- 
ner boundary  of  each  of  which  will  be  common  to  four  soctioiB- 
On  all  the  extreme  sides  of  an  isolated  township,  the  outer  tie«  of 
sections  have  comora  common  only  to  two  sections  then  surio^- 
The  posts,  however,  must  bo  planted  precisely  like  the  former,  Irat 
presenting  two  vacant  surfaces  to  receive  the  appropriate  marts 
when  the  adjacent  survey  may  be  made. 

A  quartor-soetion  or  half-mile  post  is  to  have  no  other  marl:  on 
it  than  \  S.,  to  indicate  what  it  stands  for. 

Township  comer  posts  are  to  be  notciied  with  alx  notches  on 
each  of  the  four  augles  of  tlie  stjuared  part  set  to  the  earful 
points. 

All  mile  posts  on  township  lines  must  have  as  many  notches  cm 
them,  on  two  opposite  angles  thereof,  as  they  are  miles  diatarn 
from  the  township  corners,  respectively.  Each  of  the  posts  at  flie 
comers  of  sections  in  the  interior  of  a  township  must  indicate,  b; 
a  number  of  notches  on  each  of  its  four  corners  directed  to  lltf 
cardinal  points,  the  correspomling  number  of  miles  that  it  stands 
from  the  oiitlines  of  the  townsliip.  The  four  qides  of  the  post  niH 
indicate  the  number  of  the  section  they  respectively /ace.  Should 
a  tree  he  found  at  the  place  of  any  comer,  it  will  be  marked  and 
notched,  as  aforesaid,  and  answer  for  the  comer  in  lieu  of  a  pest; 
the  kind  of  tree  and  its  diameter  being  given  in  the  field-notea. 

The  position  of  all  comer  posts,  or  comer  trees  of  whatever 
ilcBcription,  which  may  bo  established,  is  to  be  perpetuated  in  tiie 
following  manner,  viz:  From  such  post  or  tree  the  courses  shall  ba 
taken,  and  the  distances  measured,  to  two  or  more  adjacent  trees, 
m  opposite  directions,  as  nearly  as  may  bo,  which  are  called 
*  Bearing  trees'  and  are  to  bo  blazed  near  the  ground,  with  a  large 
blaze  facing  the  post,  and  having  one  notch  in  it,  neatly  and  plainly 
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made  with  an  axe,  square  across,  ami  a  little  below  the  middle  ot 
the  blaze.  The  Idnd  of  tree  and  the  diameter  of  each  are  facts  tc 
be  distinctly  set  forth  in  the  field-book. 

On  each  bearing  tree  the  letters  B.  T.,  must  be  distinctly  cut 
into  the  wood,  in  the  blaze,  a  little  above  the  notch,  or  on  the  bark, 
with  the  number  of  the  range,  township,  and  section. 

At  all  township  comers,  and  at  all  section  comers,  on  range  or 
township  lines,  four  bearing  trees  are  to  be  marked  in  this  manner, 
one  in  each  of  the  adjoining  sectjons. 

At  interior  section  comers  four  trees,  one  to  stand  within  each 
of  the  four  sections  to  which  such  comer  is  common,  are  to  be 
marked  in  manner  aforesaid,  if  such  he  found. 

From  quarter  section  and  meander  comers  two  bearing  trees 
are  to  be  marked,  one  within  each  of  the  adjoining  sections. 

Stones  at  township  corners  (a  small  monument  of  scones  being 
alongside  thereof)  must  have  six  notches  cut  with  a  pick  or  chisel 
on  each  edge  or  side  towards  the  cardinal  points ;  and  where  used 
as  section  corners  on  the  range  and  township  lines,  or  as  section 
comers  in  the  interior  of  a  township,  they  will  also  bs  notched  by 
A  pick  or  chisel,  to  correspond  with  the  directions  given  for  notch- 
ing posts  similarly  situated. 

Stones,  ivhcn  used  aa  qiiartcr-s^-ctlon  comers,  will  have  J  cut 
on  them ;  on  the  west  side  on  north  and  south  hues,  and  on  the 
north  side  on  east  and  west  lines. 

Whenever  bearing  trees  are  not  found,  mounds  of  earth,  or 
stone,  are  to  be  raised  around  posts  on  which  the  corners  are  to 
be  marked  in  the  manner  aforesaid.  Wherever  a  mound  of  earth 
is  adopted,  the  same  will  present  a  conical  shape ;  but  at  its  base, 
on  the  earth's  surface,  a  quadrangular  trench  will  be  dug ;  a  spade 
deep  of  earth  being  thro\vn  up  from  the  four  aides  of  the  line,  out- 
tide  the  trench,  so  as  to  fomi  a  continuous  elevation  along  its  outer 
edge.  In  mounds  of  earth,  common  to  four  townships  or  Xofour 
sections,  they  will  present  tho  angles  of  the  quadrangular  trench 
^diagonallg^  towards  the  cardinal  points.  In  mounds  common 
fflily  to  two  townships  or  tmo  sections,  the  sides  of  the  quadrangular 
trench  will/ace  tho  cardinal  points. 

*"  'op  to  piling  up  the  earth  to  construct  a  mound,  in  a  eavitg 
i  at  the  comer  boundary  point  is  to  be  deposited  a  stone,  or 
ftion  of  charcoal,  or  a  charred  stake  is  to  be  driven  twelve 
'  inehes"down  into  such  centre  pomt,  to  be  a  witness  for  tho  future. 

The  surveyor  is  farther  specially  enjoined  to  plant  midway 
between  each  pit  and  the  trench,  seeds  of  some  tree,  those  of  fruit 
trees  adapted  to  the  climate  being  always  to  be  preferred. 

Double  corners  are  to  be  found  nowhere  except  on  the  Standard 
Parallels  or  Correction  Imes,  whereon  are  to  appear  both  the  uor 
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nera  which  mark  the  intersectiona  of  the  IJnea  which  close  therem, 
and  those  from  which  the  surveys  start  in  the  opposite  direcUon. 

The  cornera  which  are  established  on  the  standard  parallel,  st 
the  time  of  running  it,  are  to  he  known  as  '  Standard  Comert^ 
and,  in  addition  to  all  the  ordinary  marks,  (as  herein  prescribed), 
thoy  will  ho  marked  with  the  letters  S.  C.  The  '  closing  comert' 
will  be  marked  C.  C." 

{567)  Field  BookSi  There  should  he  several  distinct  and  sepa- 
rate field-books ;  viz. ; 

"1.  Field-notes  of  the  meridian  and  base  lines,  showing  the 
establishment  of  the  township,  section  or  mile,  and  quarter-Kction 
or  half-mile,  boundary  corner3  thereon;  with  the  crossings  of 
streams,  ravines,  hilU,  and  mountains ;  character  of  soil,  tiuher, 
mmerals,  &.c.  Tliese  notes  will  be  arranged,  in  serie?,  by  milt 
itations,  from  number  one  to  number . 

2.  Field-notes  of  the  '  BTAJiDAito  parallels,  or  correction 
hnes,'  showing  the  establishment  of  the  township,  soctioD,  and 
quarterflcetion  corners,  besides  eshibiting  the  topography  oif  the 
country  on  line,  as  required  on  the  base  and  meridian  lines. 

3.  Field-notes  of  the  exterior  lines  of  townships,  showing  the 
estabhshment  of  the  corners  on  line,  and  the  topography,  as  aforesaid. 

4.  Field  notes  of  the  soBDivrsiosa  of  towxship9  into  seclioDS 
and  quarter-sections ;  at  the  close  whereof  will  follow  the  notes  of 
the  HEANDsas  of  navigable  streams.  These  notes  will  also  show, 
by  ocular  observation,  the  estimated  rise  and  fall  of  the  land  on 
the  line.  A  description  of  the  timber,  undergrowth,  surface,  soil, 
and  minerals,  upon  each  section  line,  b  to  follow  the  notes  thereof, 
and  not  to  be  mixed  up  with  them." 

5.  The  "Geodetic  Field-book,"  comprising  all  triangulatioiis, 
angles  of  elevation  and  depression,  levelling,  &c. 

The  examples  on  the  next  two  pages,  taken  from  the  "  Instrae- 
tions "  which  we  have  followed  throughout,  will  shew  what  if 
required. 

The  ascents  and  descents  are  recorded  in  the  right-hand  c 
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FIELD  NOTES  OF 


THE   EXTERIOR   LINES 


OF  AN  ISOLATED  TOWNSHIP. 


Fk?W  notei  of  the  Survey  of  township  25  north,  of  range  2  west^  of  the  WUlamefts 
meridian  J  in  the  Territory  o/ Oregon,  by  Robert  Acres^  deputy  surveyor  t  under  his 
eonlrttct  No.  1,  bearing  date  the  2d  day  of  January^  1851. 
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Township  lines  commenced  January  20,  1851. 

Southern  boundary  variation  18o  41'  £.  •    ^ 

On  a  random  lino  on  the  south  boundaries  of  sections  31,  32, 
33,  34,  35,  and  36.  Set  temporary  mile  and  half-mile  posts, 
and  intersected  the  eastern  boundaiy  2  chains  20  links  north 
of  the  true  corner  5  miles  74  chains  53  links. 

Therefore  the  correction  will  be  5  chains  47  links  W.  37.1 
links  S.  per  mile.  ^^ 


True  southern  boundary  variation  18°  41'  E. 
On  the  southern  boundary  of  sec.  36,  Jan.  24,  1851. 
Set  qr.  sec.  post  from  which 

a  beech  24  in.  dia.  bears  N.  11  E.  38  Iks.  dist. 

a    do        9      do  do     S.    9  E.  17       do 

a  brook  8  1.  wide,  course  NW 

Set  post  cor.  of  sees.  35  &  36,  1  &  2,  from  which 

a  oeech      9  in.  dia.  bears  S.  46  £.      8  1.  dist. 

a     do         8     do  do     S.  62  W.     7     do 

a  W.  oak  10     do  do    N.  19  W.  14     do 

a  B.  oak  14     do  do    N.  29  E.    16     do 

Land  level,  part  wet  and  swampy;   timber  beech,  oak,  ash, 

hickoiy,  &c. 


On  the  S.  boundary  of  sec.  35 — 

Set  qr.  sec.  post,  with  trench,  from  which 

a  beech  6  in.  dia.  bears  N.  80  E.  8  1.  dist. 

planted  SW.  a  yellow  locust  seed. 

To  beginning  of  hill 

Set  post,  with  trench,  cor.  of  sees.  34  &  35,  2  &  3,  from  whicl. 

a  beech  10  in.  dia.  bears  S.  51  E.  13  1.  dist. 
do       10     do  do    N.  56  W.  9     do 

planted  SW.  a  white  oak  acorn, 
NE.  a  beech  nut. 
Land  level,  rich,  and  prood  for  farming;  timber  same. 


On  the  S.  boundary  of  sec.  34 — 

Set  qr.  sec.  post,  with  trench,  from  which 

a  B.  oak  10  in.  dia.  beai*s  N.  2  E.  635  1.  dist. 

Planted  SW.  a  beech  nut. 
To  corner  of  sections  33,  34,  3  and  4,  drove  charred  stakes 

raised  mound  with  trench  as  per  instructions,  and 

Planted  NE.  a  W.  oak  ac*n  ;  NW.  a  yel.  locust  seed. 
SE.  a  butternut ;  SW.  a  beech  nut 
Land  level,  rich  and  good  for  farming,  some  scattering  oal< 

and  walnut. 


F'teU 


a  10 

d  10 
a    o 


a  10 


a    5 
a  20 


a    5 

a  10 


&c.,        &c.. 
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FIELD  NOTES  OF  THE 

SUBDIVISIONAL  OR  SECTIONAL  LINES, 

AND   MEANDEBS. 


roiciuiip  25  iV,  Range  2  \V,,  WUlamHIe  JMcr. 


Ohi.  Iks, 

Norlb. 
9.1S 
39.37 


h  30  iu 


A  bepch  3 

Setqr.  sec.  pral,  frnm  which 

a  Seech  13  in.  dia.  been  S.  4S  E.  IS  [.  dial. 

a    do       8     do        do    N.  S3  W.  45    do 

beech  IS  in.  din. • 

mgnr  30  in.  dia 

rt  a  poll  cor.  of  >eci.  25,  SB,  35.  36,  from  which 

a  hccch   S4  In.  dia.  bear*  N.  G2  W.  17  1.  dlst. 

a  poplar  3G     do  do      6.  66  B,    34    da. 

a     <lu     eo    do         do     S.  70  W.  SO    do. 

n  beech   28     do  do     N,  60  B.   45     do. 

Land  level,  ircoDd  rate ;    timber  beech,  poplar,  mgar,  ■ 

nnd'gr.  ipice,  &c. 
On  random  line  bciivcea  aeci.  35  and  36 — 

A  brook  30  !.  wide,  coarae  N 

To  fool  or  hill 

Set  [cmporsry  qr.  sec.  pou 

To  opposite  fool  of  bill 

A  brook  15  1.  wide,  coune  N 

[ulcnect  B.  banodary  at  post 

Lnnil  level,  eecoiid  mie ;  riniber.  beech,  nak,  ash,  &c 
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B.  61  V 
8.61  V 

S.  S4  V 
S.  40  V 
8.50  V 
S.  37  V 
8.44  V 
8.  3S  V 


triangulalioo  9  chainn  51  linki. 


Er  Bcc.  t  on  right  bunk  N,  7 
right  bank  N.  32"  W, 
'"""  4  and  5,  breadth  of  ri' 


!r  of  John  Smitii'a  claim,  ooorieE 
belwcen  sectiaru  5  and  S,  breadth  of  rj 
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8TK0PSIS  OF  PLANE  TRIG0H0METR7.* 


(l)  I>efillitiOII.      Plane  TrigoDometrj   is  that   branch  of   Mathematical 
Science  which  treats  of  the  relations  between  the  sides  and  angles  of  plane  trian- 
gles^    It  teaches  how  to  find  any  three  of  these  six  parts,  when  the  other  three 
are  given  and  one  of  them,  at  least,  is  a  side. 

(2)  Angeles  and  Arcs*     The  angles  of  a  triangle  are  measured  by  the 
arcM  described,  with  any  radius,  from  the  angular  points  as  centres,  and  intercepted 
between  the  legs  of  the  angles.    These  arcs  are  measured  by  comparing  them  with 
an  entire  circumference,  described  with  the  same  radius.     Every  circumference  is 
regarded  as  being  divided  into  360  equal  parts,  called  degrees.     Each  degree  is  di- 
vided into  60  equal  parts,  called  minutes^  and  each  minute  into  60  seconds.     These 
divisions  are  indicated  by  the  marks  **  '  ".    Thus  28  degrees,  17  minutes,  and  49 
•econda,  are  written  28^  17'  49".     Fractions  of  a  second  are  best  expressed  deci* 
mally.    An  arc,  including  a  quarter  of  a  circumference  and  measuring  a  right 
angle,  is  therefore  90°.     A  semicircumference  comprises  180°.    It  is  often  repre- 
sented by*-,  which  equals  3.14159,  Ac,  or  3]^  approximately,  the  radius  being  unity. 

The  length  of  1°  in  parts  of  radius  =  0.01745329  ;  that  of  1'=  0.00029089 ;  and 
that  of  1"=  0.00000485. 

The  length  of  the  radius  of  a  circle  in  degrees,  or  860th8  of  the  circumference 
=  57°.29578  =  57°  17'  24".8  =  3437'.747  =  206264".8.t 

An  arc  may  be  regarded  as  generated  by  a  point,  M, 
moving  from  an  origin.  A,  around  a  circle,  in  the  direction 
of  the  arrow.  The  point  may  thu?  describe  arcs  of  any 
lengths,  such  as  AM ;  AB  =  90°  =  i  jt  ;  ABC  =  180°  =  ir ; 
ABCD  =  270°  =  }  » ;  ABCDA  =  360°  =  2  ir. 

The  point  may  still  continue  its  motion,  and  generate 
arcs  greater  than  a  circumference,  or  than  two  circum- 
ferences^ or  than  three ;  or  even  infinite  in  length. 

While  the  point,  M,  describes  these  arcs,  the  radius, 
OM,  indefinitely  produced,  generates  corresponding  angles. 


♦  For  merely  solving  trlsnglea,  only  Articles  (IX  (2),  (8),  (5),  (6),  (10),  (U),  and  (12),  are  needed. 

t  The  nomber  of  seconds  In  any  arc  which  Is  given  in  parts  of  radius,  radios  being  nnlty,  eqnalf 
tbe  length  of  the  arc  so  given  divided  by  the  length  of  the  arc  of  one  second ;  or  multiplied  by  the 
nxQber  of  aeoonds  in  radios. 
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If  the  point,  M,  ebtuld  move  from  tho  orignD,  A,  id  iLo  ixioUary  direction  bib 
former  movement,  (be  area  generated  bj  it  ore  regaiilcd  at  nrgtUiet,  omhmih,* 
and  Ko  too,  of  necouity,  tbe  anglei  meiuured  by  the  aicit. 

Area  and  adglcB  may  therefore  Tsry  in  length  from  0  to  -^  ic  in  one  dirMMl 
»nd  from  0  to  —  co  in  tlie  contrary  direotion. 

The  Coniplemenl  of  on  arc  it  tbe  are  vhicb  would  remaiu  after  luLtrKling  tit 
arc  from  a  quarter  of  the  circumfereace,  or  from  90°.  If  Lbeanj  be  morB  thun', 
its  comptement  is  neceuarily  negalivc. 

Hie  Suppltmrnt  of  an  arc  is  what  would  remain  after  Bubtiactiag  H  frolD  LaU 
(he  ciroumference,  or  from  180°.  If  the  arc  be  more  than  IBO",  it<  lupplinal 
U  neocB»arily  negstiye. 

(3)  TrigODOmclrical  Lines.  The  rektions  of  tlie  sidei  of  ■  lnui|>t 
to  its  angles  nro  what  la  required  ;  but  it  ia  more  convenient  to  repUce  Ihe  U^H 
by  arcs  ;  and,  once  more,  to  repUce  tbe  arcs  by  certain  Btraigbt  liais  depuuJi^ 
'  upon  them,  and  increasing  and  decreasing  with  them,  or  converiely,  in  aoch  s  nj 
thnt  tbe  length  of  the  lines  can  be  fonad  from  tbat  of  the  HTca.  and  Tice  VvA  ^ 
u  with  these  lines  (hut  tbe  sides  of  n  triangle  are  compared.*  TbcsoliHll'' 
called  Tirigononielricat  Lintt :  or  Cimvtar  FuHcliant,  because  tbeir  length  is  i  tV*' 
tion  of  that  of  the  circular  arcs.     The  principal  Trigonometrical  Ud«s  art  <Bi<4 


:  also  used. 


Tanffenti,  and  Secanti.     Cbords  and  Tcrsed 

The  SINE  of  to  are,  AM,  ia  the  perpendicular, 
MP,  let  tall,  from  one  extremity  of  the  arc,  upon 
the  diameter  which  posses  through  tbe  other  ex- 
tremity. 

The  TASGENT  of  an  arc,  AM,  is  the  distsnufl, 
AT,  intercepted,  on  tbe  lungent  drawn  at  one 
eitremitj  of  the  arc,  between  tbut  extremity 
and  the  prolongation  of  the  radius  which  pussES 
through  the  other  extremity. 

The  SECAKT  of  an  are,  AM,  is  tho  part,  OT, 
of  tbe  prolonged  radius,  comprised  between  the 
centre  and  tbe  tangent. 

Hie  sine,  tangent,  and  secant  of  tho  complement  of  nn  arc  arc  called  the  Cc- 
arai,  Co-TAHOEST,  and  Co-bxcast  of  that  arc.  Thus,  MQ  ia  tbe  coaine  ot  AX,  K 
it«  cotangent,  and  OS  its  cosecant  The  coaine  MQ  is  equal  to  Or,  the  part  al^ 
radius  comprised  between  the  centre  and  (he  foot  of  the  sine. 

Tbe  ehord  of  an  arc  is  equal  to  twice  the  sine  of  half  that  arc 

The  veried-iiHi  of  an  art;  AM,  is  the  distance,  AP,  comprised  between  the  o»ip« 
of  the  arc  and  the  foot  of  the  sine.  It  ia  consequently  equal  to  tbe  diffeme*  bp 
twecD  tbe  radios  and  tbe  n 


the 


Tbe  Trigonometrical  li 
AM  ^  d,  we  w 


e  usually  w 


n  in  an  abbKviated  fom.    OaUltg 


MQ  =  ce 
The  period  after  sL 


The  arcs  whose  sines,  tangents,  ite.,  c 


i„  Ac,  indicating  abbrerration,  is  frequently  omitted. 


3  equal  to  a  lin< 

!(sia=0)-, 

:  (tan.=  a) ;  Ac. 
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(1)  The  lines  as  ratios.  The  ratios 
between  the  trigonometrical  lines  and  the  radius 
are  the  same  for  the  same  angles,  or  number  of 
degrees  in  an  arc,  whatever  the  length  of  the  ra- 
dius or  arc.  Consequently,  radius  be.'ng  unity, 
these  lines  may  be  expressed  as  simple  ratios. 
Thus,  in  the  right-angled  triangle  ABC,  we 
voold  haye 


Fig.  809. 


im. 


BC  ___  opposite  side 

AB""  hypothenuse  * 


BC opposite  side 

AC       adjacent  side' 


see. 


-A^^^.  hypothenuse 

AC       adjacent  side  * 


•    .       AC 

COS.  A  =  — - 

AB 

cot.A  =  - 

AB 


cosec  A  =  r— -  = 


adjacent  side 

hypothenuse  ' 

adjacent  side 
opposite  side  * 

hypothenuse 


BO        opposite  side* 


When  the  radius  of  the  arcs  which  measure  the  angles  is  unity,  these  ratios  may 
be  osed  for  the  linea  If  the  radius  be  any  other  length,  the  results  which  have 
been  obtained  by  the  above  supposition,  must  be  modified  by  dividing  each  of  the 
trigoDometrical  lines  in  the  result  by  radius,  and  thus  rendering  the  equations  of 
the  results  **  homogeneous."  The  same  effect  would  be  produced  by  multiplying 
each  term  in  the  expression  by  such  a  power  of  radius  as  would  make  it  contain  a 
number  of  linear  factors  equal  to  the  greatest  number  in  any  teruL  The  radius 
is  usually  represented  by  r,  or  R. 

(5)  Their  variations  in  leng^tii.  As  the  point  M  moves  around 
the  circle,  and  the  arc  thus  increases,  the  sines,  tangents,  and  secants,  starting 
from  sero,  also  increase ;  till,  when  the 

point  M  has  arrived  at  B,  and  the  arc  has  ^'K-  *^ 

become  90**,  the  sine  has  become  equal  to    SJ^  B  S 

radius,  or  unity,  and  the  tangent  and  se- 
cant have  become  infinite.  The  comple- 
mentary lines  have  decreased ;  the  co- 
sine being  equal  to  radius  or  unity  at 
starting  and  becoming  zero,  and  the  co- 
tangent and  cosecant  passing  from  infin- 
ity to  zero.  When  the  point  M  has 
passed  the  first  quadrant  at  B  and  is 
proceeding  towards  C,  the  sines,  tan- 
gentsi  and  secants  begin  to  decrease,  till, 
when  the  point  has  reached  C,  they  have 
the  same  values  as  at  A.  They  then  begin  to  increase  again,  and  so  on.  The 
Table  en  page  882  indicates  these  variations. 

The  sines  and  tangents  of  very  small  arcs  may  be  regarded  as  sensibly  proper* 
tional  to  the  arcs  themselves ;  so  that  for  sin.  a",  we  may  write  a .  sin.  1"  ;  and 
similarly,  though  less  accurately,  for  sin.  a',  we  may  write  a .  sin.  1'. 

The  sines  and  tangents  of  very  small  arcs  may  similarly  be  regarded  as  sensibly 
of  the  same  length  as  the  arcs  themselves.* 

*  ConseqaenUy,  the  note  on  page  379  maj  read  tbas :  The  r.umber  of  seconds  in  any  vorj  small 
•re  glTen  in  parts  of  radios,  radios  being  unitj,  Ls  equal  to  the  length  of  the  are  so  given  divided 
bfBin.1". 
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a  being  the  length  of  any  arc  eipreased  in  pnrls  of  radius,  the  longtlu  of  ilaA 
and  COUBO  m&j  be  obtained  hy  the  futlowing  seriea : 


2  ^  a. a. 4     2. ...6 

Let  it  be  required  to  find  ooi.  30°,  bj  the  abofe  ei 


Sobstituting  this  number  for  a,  the 
(.BBaa)'      (.6236)' 


21 


iX3.1416  =  .fi236. 

rioa  becomes,  taking  only  three  temu  at  it, 

-,  etc.  =  I  -  0.18707B  +  O.O0S13O  i=  .806063 ; 

which  ii  the  correct  Tulao  of  cob.  80°  for  the  flnt  four  plncei  of  dedmaU 

The  lengths  of  the  other  tines  cm  be  obtained  from  tbe  mutual  relatjaaa  giTco 
in  Art  (7.)     Some  particular  values  ore  given  belair. 

sin.  30°  =  J.  Bin.  45=  =  iyi:-  flin.   80°  =  J^!. 

tan.  30°  =  Jv/3.  tan.  45°  =  1.  tan.  GO"  =  ^S. 

tec  30°  =  VS.  sec  45°  =  v'2.  »ec.  GO"  =  2, 

(6)  Tbcir  chaDgcs  or  sign.    Lines  measured  in  contrarf  direetioDi 

{rom  a  common  origin,  usually  reeoieo  contrarj  nlgebruie  aigns.  If  tbea  all  the 
liucs  in  the  first  quadrant  are  called  poeitire,  their  signs  will  change  to  >ome  at 
the  other  quadrants.  Thus  the  (inn  in  the  Bret  quadrant  being  all  meuored  up- 
ward, when  Ihej  are  measured  downward,  as  they  are  in  the  tliird  and  fourth 
qundranto,  tbcy  will  bo  negative.  The  cmimg  in  the  first  quadrant  ue  mrai- 
ured  from  left  to  right,  and  when  tbcj  aro  measured  from  right  to  left,  aa  in  the 
cecond  and  third  quadrants,  the;  will  be  negative.  The  lattgentt  and  an  null  Jcf- 
low  similar  rules.  ' 

The  Tariationi  in  lengtb  and  the  changes  of  sign  are  all  indicated  in  the  Mlo«- 
ing  table,  radius  being  uDity.  The  terms  "increasing''  and  "decreasing"  apply  le 
the  lengths  of  the  lines  without  any  reference  to  their  signs. 

Lengths  and  Siffns  of  the  Tri^onomtlrical  Line)  for  Arcs/mm  0°  to  860* 


Ax» 

OO 

EetwHD  flc  snd  ei>°. 

MO 

B»tw«B»0O«idiaio.  1    MOO  j 

Sine     .    .    . 

Tangent  .    . 
Secant     .    . 
Cosme      .    . 

Cotangent    , 
Cosecibt.    . 

0 

0 
+1 
+  1 

±00 

±«1 

+.  and  increasing, 
+.  and  increasing, 
-j-,  and  increasing, 
+.  "tid  decreasing, 
+,  and  decreasing, 
+.  and  decreasing. 

+  1 
±« 
±» 

0 

0 
+  1 

-J-,  and  decreasing, 

—  ,  and  increasing. 
— ,  and  increasing, 
+,  and  increasing. 

(1 

0 

-1 

Am 

lajo 

B*tw™ilS(10andarO=.|    E700 

UclwMni;i)o«id»«0o. 

»» 

Sine     .    . 
Tangent  . 
S.^cant      . 
Cosine.     . 
Cotangent 
Cosecant . 

-1 

— ,  and  increasing. 
-(-,  and  inareasing, 

— ,  nnd  dtereasing, 
+,  and  decreasing, 
-.  and  decreasing, 

±» 

0 
0 

-1 

-,  and  dccreuing, 

+',  Tad  d^aS^; 
+,  nnd  iocreaaing, 

-,  and  increasing, 

0 
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From  this  table,  and  Fig.  400,  we  eee  that  an  are  aiid  its  tuppUrient  have  thd 
same  eine ;  and  that  their  tangents,  secants,  cosines,  and  cotangents  are  of  equal 
length  but  of  contrary  signs ;  while  the  cosecants  are  the  same  in  both  length 
and  sign. 

We  also  deduce  from  the  figure  the  following  consequences : 

sia  (a**-!- 180°)  s=-sin.  a°.  cos.  (a°-f  180°)  =-co8.  a°. 

tan.  (a°+  180°)  =  tan.  a°.  cot  (a°4- 180°)  =  cot  a^ 

sea  (a°+  180°)  =-sec.  a°.        cosec.  (a°+  180°)  =-cosec.  a°. 

sin.  (— a°)=— sin.  a°.  cos.  (— a°)  =  co8.  a°. 

tan.  (— a°)  =— tan.  a°.  cot  (— a°)  :=— cot  a°. 

sec  (— a°)  =  sea  a°.  cosec.  (— a°)  =s— cosea  a°. 

An  infinite  number  of  arcs  have  the  same  trigonometrical  lines ;  for,  an  arc  a, 
the  same  arc  plus  a  circumference,  the  same  arc  plus  two  circumferences,  and  so 
on,  wonld  have  the  same  sine,  &c 

**  To  bring  back  to  the  first  quadrant"  the  trigonometrical  lines  of  any  large  arc, 
proceed  thus:  Let  1029°  be  an  arc  the  sine  of  which  is  desired.  Take  from  it  as 
many  times  860°  as  possible.     The  remainder  will  be  309°.    Then  we  shall  have 

sia309°=8in.(180°-309°)=3in.-129°=-8ial29°=-sin.(180°-i99O)=«8in.51" 
(7)  Their  mutual  relations.    Radius  being  unity. 


8iD.    0° 

cot  .o_cos.a° 

COS.  a 
o_        1 

cou  a   —  -.       --■. 
sm.  a 

1 

COS.  a 

Bin.  a 

tan.  a°  Xcot  a°  =  1.  (sin.  a°)«  +  (cos.  a°)'  =  1.* 

1  +  (tan.  ay  =  (sea  a°)'.         1  +  (cot  a°)'  =  (cosea  a°)». 

Hence,  any  one  of  the  trigonometrical  lines  being  given,  the  rest  can  be  found 
from  some  of  these  equations. 

(8)  Tl¥0  arcs*    Let  a  and  b  represent  any  two  arcs,  a  being  the  greater 
Then  the  following  formulas  apply : 

sin.  (a  4-  ft)  ==  ein.  a .  cos.  b  -{-  cos.  a .  sin.  b, 
sin.  (a  —  6)  =  ein.  a .  cos.  6  —  cos.  a ,  sia  6, 
cos.  (a  4"  ft)  =  COS.  a .  co9.  ft  —  sin.  a .  sin.  ft. 
COS.  (a  —  ft)  =  cos.  a .  cos.  ft  -f-  sin.  a .  sin.  ft. 

.       ,     ,   .  X        tan.  a  -f  tan.  b 

tan  (a  4-  6)  =: 

1  —  taa  a .  tan.  6 

,        ,.         tan.  a—  tan.  ft 

tan.  (a  —  ft)  =  — -; -. 

1  -f-  tan  a .  tan.  ft 

X  /     •   f  V       cot.  a .  cot.  ft  —  1 

cot  (a  -|-  ft)  = T—, , 

cot  ft  -f-  cot  a 

cot  a .  cot  ft  +  1 

cot  (a  —  ft)  = ; — . 

cot.  6  —  cot  a 


^  The  aqnare,  Ac,  of  the  sine,  4cc,  of  an  arc,  is  often  expressed  by  placing  the  exponent  between 
Ibe  ibbreviation  of  the  name  of  the  trigonometrical  line  and  the  number  of  the  degrees  in  the  are; 
^v,  Bin.*  oo,  tan.*  oo,  Ao.    But  the  notation  given  above,  places  the  index  as  used  hj  Oana^ 
•elambre,  Arbogwt,  Aw.,  though  the  first  two  omit  the  pixentheses. 


TBieOI0.1IETBI. 

i.iiiD.i  =  l.tt»{a-6)-it 
I .  COS.  i  ^  1 .  CO*  (a  +  i)  +  i  f 
..coii  =  l.>iD.(o  +  6)  +  i» 


nii.ii4-uii.£^gaiii.  i  (o  +  i) 
Mna  +  <w<.6  =  3co&i(a-t-^) 
an,  a  —  lio.  ft  =  2  un.  ^  (a  —  £) 
<M.&  — 001.11  =  2  sin.  i  (a-i) 

ton.  a +  Un.i=''°" ''"'"** 


(■  +  »> 
(— ')■ 
(■■-»)■ 
(.-i). 
(•-»)■ 
(•-'). 

(>  +  »)■  I 


CIW,  r 

cot. 

fa  +  M 

HO. 

j.uai 

(0)  Doable  and  lialf  arcs.    Letting  a  repre»nit  aojr  arc;  u  tM&A 

ure  hiTO  the  rolluwuig  formulas  : 


-(tan.o)'      (eoLa)'  — 1      cot.  a 
~  '  =  J  (cot.  a  -  tuL  o), 


Scot. 
>■  4  «  =  ■*/[  Ui  +  ox^-)  ]■ 


cat  li 


— ^^rz — T^^^^-^  \i  -  cot  J 


(10)  Trigonometrical  Tables.  In  the  usual  tnbloi  of  the  DitcnJ 
Trigonometricnl  linci,  the  degrees  from  0°  to  ii°  are  found  at  the  lop  of  lh«  tibl". 
and  tlioiju  from  4S°  to  90°  at  Ihe  bottom :  llie  luttur  being  complemeDti  vf  tto 
former.  CoDSeqaeolIf,  llie  aalamaa  which  have  Stitt  and  Tangmt  at  lop  htit 
Ciniat  and  Culangml  at  bottoin.  eioce  the  Cosine  or  cotnngent  of  any  ara  it  tb 
lanie  thing  as  the  sine  or  lang«ut  of  iU  complement.  Tlie  nioutes  U)  be  »ii*i 
to  tha  degrees  are  fonnd  in  the  left-hand  column,  irheD  the  nnmber  of  dtgntl  »1 
the  top  of  the  pnge  are  need,  nod  in  the  right-hand  colotna  for  the  dcgreea  vbtD 
■t  the  bottom  of  the  pnge.  The  iincB  for  area  iatorzncdiate  betwetn  IhoM  id  tlu 
tabin  are  found  bj  propoitioa.  The  lines  are  calculated  for  a  radius  equal  anilj' 
Hence,  the  Tuluea  of  the  siticB  and  coeiiies  are  deciiual  fractions,  though  the  pciol 
is  usnuUf  omitted.  So  too  are  the  taogenta  from  0°  to  4fi°,  and  the  eotai%«nU 
from  90°  to  dfi".     Bejonil  those  points  tbej  are  integers  aod  decimals. 

The  CBliulatiom,  like  all  others  inTolTiBg  large  numbers,  are  thortened  bj  U» 
me  of  lugarilhma,  vbich  substitute  a^Idition  aod  subtraction  for  multiplication  and 
•Jiviuon;  but  the  ;r«ung  student  should  avoid  (be  frequent  error  of  regarding  lo^ 
rlthmi  aa  a  neoessarj  part  of  trigonomctij. 


L 
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SOLUTION  OF  TRIANGLES. 


(1.1)   Bight-angled    Triangles.     Let 

ASC  be  any  right-angled  triangle.  Denote  the 
sides  opposite  the  angles  by  the  corresponding  small 
letters.  Hien  any  one  side  and  one  acute  angle,  or 
any  two  sides  being  given,  the  other  parts  can  be  ob- 
tained by  one  of  the  following  equations :  a  • 


Fig.  ML 


etTcn. 

Baqolred. 

Formalas. 

«.  b 

e.  A,  B 

c=-/(a«  +  6»);  tan.  A  =  ^;  cot.  B  =  ^. 

0                            0 

a,  e 

6,  A,  B 

h  =V(^  —  ^) ;  sin.  A  =  -  ;  cos.  B  =  -. 

c                    c 

a.  A 

b.  c,    B 

6  =  a.cot  A;  c=^-A-r\  B  =  90'*  — A. 

sin.  A 

J,  A 

a,  e,    B 

a  =  6.Un.A;  c  = -;  B  =  90°  — A. 

cos.  A 

CA 

a,  6,    B 

a='C,  sia  A ;  6  =  c  cos.  A ;  B  =  90°  —  A 

(19)  Obli4|ne-angled  Trian- 
gles* Let  ABC  be  any  oblique-angled 
triangle,  the  angles  and  sides  being  noted 
as  in  the  figure.  Then  any  three  of  its  six 
parts  being  given,  and  one  of  them  being  a 
side,  the  other  parts  can  be  obtained  by  one 
of  the  following  methods,  which  are  found- 
ed oo  these  three  theorems. 

Theobkx  L — In  every  plane  triangle^  the  eines  of  tJu  anglet  are  to  each  other  ae 
the  oppoHte  tidee, 

TnsoRKM  n. — In  every  plane  triangle,  the  turn  of  two  tidet  is  to  their  difference 
09  the  tangent  of  half  the  turn  of  the  angles  opposite  those  sides  is  to  the  tangent  of 
half  their  difference, 

Thxorem  IIL — In  every  plane  triangle,  the  cosine  of  any  angle  is  equal  to  a  frac- 
tion whose  numerator  is  the  sum  of  the  squares  of  the  sides  a^acent  to  the  angle,  mi- 
nus the  square  of  the  side  opposite  to  the  angle,  and  whose  denominator  is  twice  tht 
product  of  the  sides  adjacent  to  the  angle. 

All  the  cases  for  solution  which  can  occur,  may  be  reduced  to  four. 

Case  1. — Given  a  side  and  two  angles.  The  third  angle  is  obtained  by  subtract- 
ing the  sum  of  the  two  given  angles  from  180°.  Then  either  unknown  side  can  be 
obtained  by  Theorem  L 

Calling  the  given  side  a,  we  have  6  =  a .   .  '  ^  ;  and  e=sa 


sin.  A 


sin.  A* 
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Case  2. — Given  two  sides  and  an  angle  opposite  one  of  theni.  The  angle  oppo 
site  the  other  g^ven  side  is  found  bj  Theorem  L  The  third  angle  is  obtained  br 
subtracting  the  sum  of  the  other  two  from  180°.  The  remaining  side  is  then  ob- 
tained by  Theorem  L 

h 
Calling  the  given  sides  a  and  6,  and  the  given  angle  A,  wp  have  sin.  B  =  sin.  A.  - 

Since  an  angle  and  its  supplement  have  the  same  sine,  the  result  is  ambignom; 
for  the  angle  B  may  have  either  of  the  two  supplementary  values  indicated  bj 
the  sine,  if  6  >  a,  and  A  is  an  acute  angle. 

C  =  180'*  — (A-f  B).  c  =  sin.C-Ar. 

sm.  A 

Case  8. — Given  two  sides  and  their  included  angle.  Applying  Theorem  U  (ob- 
taining the  sum  of  the  angles  opposite  the  given  sides  by  subtracting  the  gireo 
included  angle  from  180°),  we  obtain  the  difference  of  the  unknown  anglea  Add- 
ing this  to  their  sum  we  obtain  the  greater  angle,  and  subtracting  it  from  thdr 
sum  we  get  the  less.     Then  Theorem  L  will  give  the  remaining  side. 

Calling  the  given  sides  a  and  6,  and  the  included  angle  C,  we  have 
A  +  B  =  180°  — C.    Then 

taa  J(A  — B)  =  tan.  J(A  +  B).^^. 

a  -f-  0 

KA  +  B)-i-i(A-B)  =  A.        i(A  +  B)-J(A-B)  =  R        «  =  '»^- 

In  the  first  eqqation  cot  i  C  may  be  used  in  the  place  of  tan.  -^  (A  -f  B). 

Case  4. — Given  the  three  sides.  Let  s  represent  half  the  sum  of  the  three  sidci 
=  -^  (a  -j"  ^  +  ^)*  Then  any  angle,  as  A,  may  be  obtained  from  either  of  the  fol- 
lowing formulas,  founded  on  Theorem  IIL : 

Bio.  j^_2v^[.(«-a)(«-6)(«-c)1 

be 

cos.  A  = — : . 

2  6c 

The  first  formula  should  be  used  when  A  <  90°,  and  the  second  when  A  >  90^ 
The  third  should  not  be  used  when  A  is  nearly  180°  ;  nor  the  fourth  when  A  if 
nearly  90° ;  nor  the  fifth  when  A  is  very  small.  The  third  is  the  most  convenient 
when  all  the  angles  are  required. 


cos. 
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DEK0H8TRATI0HS  OF  PEOBLEMS,  ETC. 

HA2rr  of  the  problems,  &c^  contained  in  the  preceding  pages,  require  Dombnstra- 
lions.  These  will  be  given  here,  and  will  be  designated  bj  the  same  numbers  as 
thoee  of  the  Articles  to  which  they  refer. 

As  many  of  these  Demonstrations  involTe  the  beautiful  Theory  of  Transversals, 
Ac^  which  has  not  yet  found  its  way  into  our  Qeometries,  a  condensed  summary 
of  its  principal  Theorems  will  first  be  given. 

TRANSVERSALS. 

Thkoeex  I. — If  a  ttraight  line  be  drawn  $o  a»  to  cut  any  two  aides  of  a  triangle, 
and  the  third  aide  prolonged,  thua  dividing  them  into  aix  parte  {the  prolonged  side 
and  ita  prolongation  being  two  of  the  parts),  then  will  the  product  of  any  three  of 
thoae  parte,  whoae  extremitiea  are  not  eontigttoua,  equal  the  product  of  the  other  three 
porta. 

That  is^  in  Fig.  403,  ABO  being  the  triangle,  and 
DF  the  Transversal,  BExADxCF=EAxDCxBF. 

To  prove  this,  from  B  draw  BG,  parallel  to  CA. 
From  the  similar  triangles  BEG  and  AED,  we  have 
BG  :  BE  : :  AD  :  AE.  From  the  similar  triangles 
BFG  and  CFD,  we  have  CD  :  CF  : :  BG  :  BF. 
Multiplying  these  proportions  together,  we  have 
BQXCD  :  BEXCF  : :  ADxBG  :  AEXBF.  Multi- 
plying extremes  and  means,  and  suppressing  the  common  factor  BG,  we  have 
BExADXCFssEAXDCxBF. 

These  six  parts  are  sometimes  said  to  be  in  involution. 

If  the  Transversal  passes  entirely  out- 
side of  the  triangle,  and  cuts  the  prolonga- 
tions  of  .all  three  sidea^  as  in  Fig.  404,  the 
theorem  still  holds  good.  The  same  dem- 
onstration applies  without  any  change.* 

TmeoRKic  IL^-Oonversely :  If  three  poinia 
be  taken  on  two  aidea  of  a  triangle,  and  on 
the  third  aide  prolonged,  or  on  the  prolon- 
gationa  of  the  three  aidea,  dividing  them 
into  aix  porta,  aueh  that  the  product  of 
three  non-^onaeeutite  porta  equala  the  prod- 
uct of  the  other  three  porta ;  then  will  theae  three  poinia  lie  in  the  aome  straight  lin€^ 

This  Theorem  is  proved  by  a  Beductio  ad  abaurdum. 


*  This  Tb«orem  msy  be  extended  to  polygona 


HARMOSIC  DIVISION. 
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IIAKMONIO   DIVISION. 

Detinitioks. — A  straight  lini',  AB,  ii  aaid  to  Ftf.MCL 

b«  /carmoniVoHy  divid/d  at  the  poiDta  C  sod  D,   I y 1 1 

when  tbeBQ  pouita  dctDrmiae  two  additive  eeg-  a       a  9 

menli,  AC,  BO,  asd  two  subtroctive  eegmeDls,  AD,  BD,  propotUonn]  to  od«  id- 
other ;  so  that  AC :  SC  : :  AD  :  BD.  It  nill  be  seoa  that  AO  must  be  man  tlun 
BC,  Biuce  AD  ia  more  than  BD.* 

This  rdatioD  may  be  othemiee  eipreaaed,  thaa:  the  product  or  the  wliole  Uh 
bj  the  middle  port  cquala  Uie  product  of  the  extreme  parts. 

Keaiprocally,  the  tioe  DC  is  barmotiicall/  divided  at  the  points  B  and  A  j  lioM 
the  preceding  proportioD  may  be  writtcD  DB  :  CB  : :  DA  :  CA. 

The  four  poiola,  A,  B,  C,  D,  are  colled  Aamion.Vi.  Tlie  poiala  C  and  D  »re  cslW 
hannonie  cenjugalet.    So  are  the  points  A  aod  B. 

When  a  etraight  lino,  as  AB,  is  divided  harmiHiicallj,  its  half  ia  a  meaa  jtapot- 
tional  betneea  the  diaUnce  from  the  middle  of  the  line  to  the  twop(iiDls,CudIl, 
which  divide  it  harmunlcally. 

If,  Iroin  any  point,  O,  linea  be  drawn  so  as  to  ^it-  *•*■  ^ 

divide  a  liao  harmooically,  these  lioea  are  called 
aa  harmonic  pfnrit.  The  four  lines  which  com-v 
poae  it,  OA,  OC,  OB,  OD,  in  the  fig^^^i  ^^^ 
aalled  ita  radii,  end  the  pairs  which  pass  through 
the  conjugate  points  are  called  conjuffali  rm 

Thiokem  V. — In  any  kanAonic  petuil,  a 
tWii,  ■■  divided  &y  fA<  Ihrte  olher  radii  inic 

Let  EF  be  the  line,  drawn  parallel  to 
OA.  Through  B  draw  GH.  also  parallel 
to  OA.    Wa  have, 

GB:  OA::  BD:  AD;  and 

BH:OA::BC-.  AC. 

But,  by  hypothesis.  AO  i  BC  ; :  AD  :  BD. 

Hence,  llie  first  two  proporlionB  reduce  to 

GB  =  BH  ;  and  conaequently,  EK  =  KF. 

The  Seeiproeal  is  also  true  ;  L  c, 

Iffimr  linti  radiating  from  a  point  art  tuth  lAal  a  lint  drawn  parallel  to  mt  tf 
them  it  divided  into  Iko  iqual  partM  6j  the  other  three,  the  four  linei/oTM  on  Act- 


*  Three  Damben.  m,  n,p,  imngDil  la  ^ecfea^ng  on 
Khea  lbs  dttTcrence  nf  tbe  flnt  ■□<)  tlit  Kcenil  Is  to  th 
U»  ant  Is  Id  Iha  third.  Sacb  Me  the  aiitnben  G.  1,  ■ 
Bo,  In  Pig.  10«,  am  the  llnu  AD.  AB.  and  AO,  i 
dC:  Cfl  ;:  AD  :  BD.    The  <erlM  of  (rsctlons  },  4,  1, 


ibna  giie  BD:CB::iJ>:AC;« 
vnic  [irvparMm. 
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Taioiml  TL — If  any  IraravtruU  lo  an  harmonic pcuil  bf  draan,  it  vrill  budimiitd 
hamtonitally. 

Let  LM  bo  tlie  trBQaremU.  llinHtgh  E,  where  LU  iDtereecU  OB,  draw  EP 
parallel  to  OA.  It  ii  bUected  at  K  bj  tbe  preceding  theorem  ;  nnd  tLe  Bitullat 
tnangtea,  FAIK  and  LUO,  YES  and  L^'C,  give  tbe  proportiona 

LM  :  KM  : :  OL  :  FK.  and  LS  :  NK  : :  OL  :  EK  ;  wlience, 
eiiii:eFE  =  EK.wehai'oLN:NE::LM:  KM. 
Ci>BOLi.utT. — The  too  tida  of  any  angle,  togtIheT  icilh  tht  biutctricet  of  thi  angU 
and  of  itt  iupplmtenl,foTm  an  harmonic  pencil. 

TocoKZH  Vlt— J/;  from  th€   mmmilt    of  any  FJg.  *ll. 

trianglt,  ABC,  through  any  point,  P,  there 
dravn  tht  tranntrialt  AD,  BE,  CF,  and  tht  trai 
tertal  ED  b*  dram  to  mtet  AB  prolonged,  in 
tht  painiM  F  and  F'  will  divide  tht  btue  AB  har-  /'''''S--^'"*''^^v 


Thii  ma;  be  otheririae  expressed,  thus : 
Tk*  lint,CP,iBhieh  join4  the  interitetiott  of  tht  diagonal!  of  an^  quadrilateral, 
ABDE,  mth  tht  point  of  mtetiny,  C,  of  too  oppoiite  lidii  prolonged,  eutt  the  tide 
t^inapointV.vihieh  ii  the  harmonic  conjugate  of  the  point  of  meeting,  "P,  of 
At  other  two  lidet,  ED  ami  AB,  prolonged. 

For,  by  Theorem  L,  AF  X  BD  X  CE  =  F'B  X  DO  X  EA ;  and  t 

bj  Theorem  III,  AF  X  BD  X  CE  =  FB  X  DC  X  EA  J 
TThanca  AF ;  FB  ; :  AT  ;  FB, 

THE  COMPLETE  QUADRILATERAL. 

A   Complete    Quadrilateral  a  farmed  hj 

drairing  taj  four  straight  lines,  so  that  each 
of  them  shall  cut  each  of  the  other  three,  so 
as  to  give  six  different  points  of  iotersectlon. 
It  is  BO  called  because  in  tbe  figure  thus 
formed  are  found  three  quadrilatemts ;  viz., 
iu  Fig.  412,  ABCD,  a  common  coneex  quadri- 
lateral ;  EA^,  a  uni-eoncace  quadrilateral ;  ^ 
and  EBAFD,  a  bt-eoneajie  quadrQateral,  eoDi- 
posed  of  two  opposite  triangles. 

He  complete  qoadrilateral,  AEBCDF,  hiu 
three  diagonals ;  Tiz.,  two  interior,  AO,  BD; 
and  one  exterior,  EF. 

TaBoam  VIIL — In  eiery  ooupUTt  QUAoaiLiTEttAL  the  middle  point!  of  itt  thru 
iiagonalt  lie  in  the  lame  ttraight  line. 

AEBCDF  ie  the  qnadrilateral,  and  IMS  the  middle  pointe  of  iia  three  diago- 
nals.    F^om  A  and  D  draw  parallels  to  BC.  and  from  B  and  0  drs«  parallels  to 


\    / 


THE  COIHPLGTG  QriDRILATERil. 


tbu  [ransTGrsul  BF,  -we  hare  (ThnT^L), 
From  the  equality  of  parallels  bctvcN 
■.C\;  EB  =  D1J',  Ili  =  E'A'.  Hence.  Uic 
X  CA'  =  CF  X  DB'  X  E'A' ;  tberefuK,  by 
a  the  tame  (itraig:bt  Viae.     Now,  unu  Ibt 
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AD.    Tho  triwigk  EDC  being  cut  I 

DFXCBX  EA  =  CF  X  El!  X  DA 

pirallela,  we  have  CB  =  E'B',  EA 

above  equation   becomes   DF  X  E'B'  X 

Theorem  !L,  the  points,  F,  B',  A',  lie  in 

diagonaLi  of  the  parolIulo^Bm  ECA'A  biBSct,  ouch  otlier  at  N,  and  Uioae  of  the  pa- 

nllGlograiu  KBB'D  at  M,  we  Imvo  EN  :  NA' : :  FJl :  MB'.    Thea  MK  u  ymnM  M 

FA' ;  and  wa  hove  EN  r  NA' : :  EL  :  LF,  or  EL  =  LF,  »o  tliat  L  \i  Uie  loiddlf  et 

EF,  sad  tbe  same  straight  line  pufses  through  L,  U,  aad  X. 

Thkobrm  IX. — In  every  eotiipleU  giiadrilaliral  each  nf  Ihe  Ihrte  diagandt  it 
divided  kaTmoiiically  bij  Ihe  tico  olheri. 

OEBADP   i»  tho  co[npl,?te  qundrilateral  Fig.  «18. 

The  diagonal  EF  is  divided  barnionicall;  &C 
a  anA  H  by  DB  and  AC  produced ;  since 
AH,  DE,  and  FB  ore  throe  transverEals 
drawn  from  tbe  Bummita  ot  the  triangle 
AEP  through  the  Bama  point  C ;  and  there- 
fore, by  Theorem  VIL,  DBO  and  ACH  di- 
vide EF  harmonicallj. 

So  ton,  in  the  triangle  ABD,  CB,  CA,  CD,  "      " 

lire  the  three  transversals  pasdag  through  C ;  and  O  and  K  therefore  divida  tki 
•  diagonal  BD  barmoDieallj. 

So  1410,  in  the  triangle,  ABC,  DA,  DB,  DC  are  the  IraDsverula,  and  H  ud  K 
the  points  which  divide  the  diagonal  AG  harmonicaliy. 

Theokeu  X.—I/fi-om  apoinl,  A  any  n«m-  ^  *'*- 

ber  of  lines  be  drdvm,  cutting  the  ridei  of  an 
tngle  POQ,  the  inieneetioni  of  the  diagotiaii 
of  the  qtutdrilaterah  (Aim  formed  mil  all  lie 
in  the  tame  tiraighl  line  patting  throvgh  the 
nimmil  of  Iht  angle. 

By  the  preceding  Theorem,  the  diagonal  I 
DC'oftbe  complete  quadrilateral. BAB' C CO,  " 
i«  divided  harmonically  nt  D  and  E.  Hence,  OA,  OP,  CD,  and  OQ,  form  an  bi^ 
luonio  pencil  So  do  OA,  OP,  OD',  and  OQ.  Therefore,  the  linca  OD,  CD  eon- 
ride.    So  for  the  other  interaectiona. 

If  the  point  A  moves  on  OA,  the  line  OD  is  not  displaced.  If,  on  the  coatniy, 
OA  is  displaced,  OD  turns  around  the  point  O.  Heace,  the  point  A  ia  aaid  to  far  ■ 
p'>le  with  respect  to  the  line  OD,  which  is  itself  called  the  polar  of  the  poialA 
Similarly,  D  is  a  polo  of  OA,  which  ia  tho  polar  of  D,  OD  is  likewiae  tba  polar  el 
Lny  other  point  on  the  lino  OA;  and  this  property  is  necessarily  reciprocal  farlli' 
two  oonjugato  radii  OA,  OD,  with  respect  to  the  lines  OP,  OQ,  whiiA  are  *!«> 
conjugate  radiL  Hence ;  In  every  harmonic  pancil,  each  of  tlie  radii  k  B  fdir 
with  respect  to  each  point  of  its  conjugate ;  and  eaeb  point  of  this  Ikttar  Um  h> 
9oit  with  respect  to  the  formei. 


DEM0NSTEATI0H8* 

PART  n. ;  CHAPTER  V. 

(1.40)9  (141)  The  equality  of  the  triangles  formed  m  theae  methods  proy«t 
their  correctness. 

(143)9  (144)  These  methods  depend  on  the  principle  of  the  square  of  the 
hypothenuse. 

(145)  CAD  is  an  angle  Inscribed  in  a  semicircle. 

(146)  Let  fall  a  perpendicular  from  B  to  AC,  meetbg  it  at  a  point  E,  not 
marked  in  Fig.  91.     Then  (Legendre,  IV.  12), 

AB'  =  AC»  +  BC»  —  2  AC .  CE ;  whence  CE  =         ^     ;  ^  . 

^  2  AC 

BC* 
When  AC  =  AB,  this  becomes  CE  =  -— -.  The  similar  triangles,  BCE  and  DCA, 

2  AO 

give  EC    CB  : :  AC  :  CD;  whence 

CB  X  AC  BC       2  AC 

(147)  Mark  a  point,  G,  in  the  middle  of  DF,  and  join  GA  The  triangle  AGD 
vill  then  be  isosceles,  since  it  is  equal  to  the  isosceles  triangle  ABC,  having  two  sides 
and  the  included  angle  equal  Then  AG  =  GD  =  AB  =  GF.  The  triangle  AGF  is 
then  also  isoscelea   Now  the  angle  FAG  =  ^  AGD ;  and  GAD  =  ^  FGA.  Therefore 

FAG  +  GAD  =  FAD  =  i  (AGD  -f  FGA)  =  i  (180°)  =  90°. 

(149)  See  Part  VII.,  Art  (403). 

(150)  The  proof  follows  from  the  equal  triangles  formed. 

(151)  The  proof  is  found  in  the  first  half  of  the  proof  of  Art.  (146). 

(153)  ACP  is  an  angle  inscribed  in  a  semicircle. 

(154)  Draw  from  C  a  perpendicular  to  the  given  line,  meeting  it  at  a  point  R 

AC* 
As  in  the  proof  of  Art.  (146),  changing  the  letters  suitably,  we  have  AE  =  — r-=-. 

Ae  similar  triangles  A£C  and  ADP  give 

AC-AE-AP-AD-^XAE-^X-:^-^^!^ 
AC  .  Ab  . .  Af  .  AD  ~^^  X  A±.-—  X  ^-^--y-^j-. 

(155)  Similar  triangles  prove  this. 

(156)  The  equal  triangles  which  are  formed  give  BP=:CF.  Hence  FP  ia 
parallel  to  BC,  and  consequently  perpendicular  to  the  given  line  DG. 

(157)  The  proof  of  this  is  found  in  the  **  Theory  of  Transversals,"  corollary  8. 

(158)  The  proof  of  this  is  the  same  as  the  last. 

(161)  The  lines  are  parallel  because  of  the  equal  angles  formed. 

^  Additional  lines  to  the  flgnres  In  the  text  will  sometliDes  be  employed.  The  student  shoold 
irtw  them  oa  the  figures,  as  directed. 
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(1.03)  Ths  e<^uBl  trinnglvB  give  equnl  unglcs,  unil  therefore  parnlleli. 

(163)  AB  U  porallol  to  PF,  aace  it  cute  ibe  sidca  o(  the  triiDgle  proportiocunj. 

(164)  The  proof  is  found  in  corollary  4  of  "  TroBsTorsaU' 

(168)  From  tho  fiimilHr  triangles,  CAD  nod  CEP,  -we  have  CE :  CD :  i  CP :  CA. 
From  the  Gimilur  trioDgUe,  CEF  and  CBD,  ve  hata  CE  ;  CD  : :  CF :  CB.  Tbtat 
two  proportiona  give  the  following;  CP:  CAi:  CF:  CR    Therefore  PF  u  p«^ 


(166)  DmwPR  The  siniiliirlrianglefl  PCE  and  ACDgive  PE  :  CE::  AD;  Ca 
The  simitar  trUngles  CEP  and  CDB'give  EF  :  CE  : :  DB  :  CD.  Theae  proportiooa 
produce  FE  :  EF  : :  AD  :  DB.  Ifecce  PEF  ia  similar  to  ADB,  and  PF  is  panlhl 
toAR 

!»  which  are  formed,  prorea  llut 

(174)  ABF  i*  a  trangTerw!  to  the  triangle  CDK     Then,  by  Theorem  L  of 
"  Transveraala,"  CA  X  EB  X  DP  =  AE  X  BD  X  CP;  whence  we  have 
CP  ;  DP : :  CA  X  EB  :  AE  X  BD, 

By  "  division."  CP  —  DP :  DP  ::  CA  X  EB  —  AE  X  BD :  AE  X  BD. 
Hence,  Bince  CP-DP  =  CD,  we  obtain  DP=-       ^^  >^  "^^  ^  ^^ 


The  other  formula)  a 
AE  =  AC,orBE  =  B 


mplififld  by  the  c 


OAXEB  — AE  XBD' 
1  factor*  obtained  by  makL 


(ITS)  By  Theorem  VII.  "  Harmonic  Dirisinn,"  in  the  qtiadrilateral  ABED^  tie 
line  CF  cuts  DE  in  a  point,  I^  which  is  the  harmonic  conjugate  of  the  pant  at 
which  AB  and  DE;  produced,  would  meet  So  too,  in  tlie  qnadrilBtml  DEBK, 
this  lame  line,  CO,  produced,  cuta  DE  in  a  point,  L,  which  i«  the  harmonie  conjo- 
gate  of  the  point  at  which  DE  and  KU,  produced,  would  meet  Coruequcntlr, 
AB,  DE,  and  EH  muet  meet  in  the  same  point.  0l/ienei4e;  thia  problem  may  ba 
regarded  as  the  converfo  of  Theorem  X.  of  "  TransyeraalB,"  BCA  being  the  angle. 
and  P  the  point  from  which  the  radiating  lines  are  drawn. 

(176)  EGCFDHisthe  "Complete  QuadrilateraL"  Its  three  diagonals  are  7S, 
DC,  and  HG  ;  and  their  middle  points  A.  B,  and  P  lie  in  the  same  stmigbt  iioe,  bf 
our  Theorem  VIIL 

□  the  optical  principle  of  the  equality  of  th* 


^1S4)  The  first  method  given.  Fig.  ISO,  la  another  application  of  the  Theory  of 
Transrernala  The  second  method  in  the  article  is  proved  by  supposing  the  figure 
to  be  constructed,  in  which  case  we  should  have  a  triangle  QZEl,  whose  baM,  Qlt, 
and  a  parallel  to  it,  BD,  would  be  cut  proportionally  by  the  required  line  FSZ ; 

so  that  QK  :  BD  : :  QP :  B3  =  J^~^. 

(189)  By  "Transvereal;,"  Theorem  I.,  we  ohtnin,  regarding  CD  aa  the  Mo*- 
versol  oflhe  triangle  ABE.  CBxAFxED  =  ACXPEXI>B;  and  since  £D=DB, 
this  becomes  CB  X  AF  =  AC  X  FE  ;  whence  tlie  proportion  CB  :  AC  : :  FE  ;  AF. 
By   -division,"   we  have   CB— AG  :  AC  ::  FE— AF  :  AF.      Observiojc   tlu» 


-AC  =  AB,  we  obtain  A0  =  ^  •  (FE  — AF). 


M 
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[1] 


(190)  Take  CH  =  CB ;  and  from  B  let  fall  a  perpen- 
dicular, BK,  to  AC.  Then,  in  the  triangle  CBH,  we  have 
(Legendre  IV.  12), 

„^      CH»  +  BH»  —  BC*      BH' 
2  CH  2  BC  * 

since  CH  =  BC. 

In  the  triangle  ABH,  we  have  (Leg.  IV.  IS) 

AB"  =  AH»+BH«  +  2  AH.HK 

Snbstitoting  for  UK,  its  value  from  [1],  we  get 

AH\ 


Pig.  124,  blA. 
A  B 


AB«  =  AH«+BH«(l  +  -^^). 
But  AH  =  AC-CH  =  AC  — BO 

.-.  AB>  =  AH«-f  BH«(l-f-^^~^^ 


BO 


)=AH'  +  BH..|g. 


[2] 


lo  the  above  expression  for  AB,  BH  is  unknown.    To  find  it,  proceed  thus. 
Take  OF  =  CD.    Then  DF  is  parallel  to  BH ;  and  we  have  CD  :  CB  : :  DF  :  BH  ; 


whence 


BffssDF*. 


CB' 

CD 


r 


[3] 


lo  this  equation  DP  is  unknown ;  but  by  proceeding  as  at  the  beginning  of  this 

CE 
iavestigatioD,  we  get  an  equation  analogous  to  [2],  giving  ED"  =:EF*  +  DF* .  -^ ; 

CD 
whence  DP  =  (DE?— EF»)  .  -=. 

Substituting  this  value  of  DP  in  [8],  we  have 

Substituting  this  value  of  BH*  in  [2],  we  have 
AB'=AH'+PE'-EF^ .  ^g5C  =  (AC-BC)'+[DE>-  (CE-CD)']  X^gj5^, 

(191)  Since  BCD  is  a  right  angle,  AC  is  a  mean  proportional  between  AB 
and  AD. 

(199;  llie  proof  follows  from  the  similar  triangles  constructed. 

(193)  The  similar  triangles  give  DE  :  AC  : :  DB  :  AB ;  whence,  by  "  division," 
DE— AC  :  AC  ::  DB  — AB  :  AB;  whence,  since  DB  — AB  =  AD,  we   have 
ACXAD 


ABss 


DE-AC' 


(194)  From  the  similar  triangles,  we  have  DE  :  CA  : :  EB  :  AB ;  whence 
DE  — CA  :  CA  ::  EB— AB  :  AB;    whence,    since    EB  — AB  =  AE,  we    get 
AC  X  AE 


ABsr 


DE  -  AC* 


(195)  The  triangles  DEF  and  BAF,  similar  because  of  the  parallelogram  which 

^      X  J     .      -rm.    T^T^       AT,     *,,       EDXAF      ACXAF 
IS  constructed,  give  FE  :  ED  : :  AF  :  AB  = 


FE 


hE 


The  triangles  DEF  and  BCD  give  similarly  FE  :  ED  : :  DC  :  CB  = 


ACXDC 
FE      • 


im  DEIIOISTRATIOSS  L>n.  i 

(100)  Tbe  equality  of  the  Uianglos  [urmed  provei  tbii  pmblcm. 

(197)  The  proof  of  Ibis  prubleni  dIm)  depends  on  tlio  equnlit^r  of  tbe  Uian^ 
conttructed.    The  dctaiU  of  the  proof  require  Bttenlioo. 

(108)  EB  ia  ihe  trBCsreraal  of  the  trinngle  ACD.    ConsequeQtl;,  CBxAFxDK 
=  ABXFDXCE;  or.iic<:cCB  =  AB+AC,(AB+AC)XAFXDE=ABxFDxCB' 

,  ._  ACXAFXDE 

"'■"'"  ^'^=FDxCE-AFxDg 


(100)  TIic  line  BE  is  hsnnoaicsllj  divided  at  the  points  li  and  A.  from  Theorem 
DL,  ECFBGD  beinga  "  Complete  QuBclritsteiuL"  Cuusequcallj.  A£ :  EB  : :  AB:HE. 
Eeaee,  by  "diviiion,"  AE  — EH  ;  AE  ::  AB  — HB  :  AB.  We  liierefure  bsit, 
lince  AB  — BB  = 

(SOO)  For  Ihe  mme  reowimai  ia  the  lost  article.  CF  ia  hormoQicsllT  diTided  it  B 
and  D 1  and ve have  CH:HF::  CD:DF;  whenceCH  — Hi';  CH::  CD  — DF:  CD. 

n™.,  A..  CD  _  DF = or.  CD = gf^. 

Tbe  other  two  exprcBsioiiB  come  from  writing  CF  as  CQ  -f-  HF,  sod  Bf  ** 
CF  — CIL 

(301)  Tho  equality  of  the  Iriariglee  futmed  proves  the  equality  of  tbe  eorre- 
epoading  sides  KD  and  DE,  itc 


of   CE)  gift 


CD:DE::CA:AB  = 


(203)  The  similar  Irinnglos  (made  so  by  the  paraUul)  give  CE ;  EA  : :  CD :  AB 

_  CDXEA  _  CDX(AC  — CE) 


m 


(304)  The  similar  IriiDglosDFH  and  BCD  give  HP  :FD::  DC- BC  = 
The  similar  trianglei  FGH  and  ABC  give  FO :  QH  : :  BC :  AB  =BC  ^ 
Subatitutiag  for  BC,  its  above  value,  we  have  AB  — 
■WhenCD  =  CE,DF: 

(306)  The  equality  of  the  symmetrical  triangles 
equality  of  A'B'  to  AB. 
(306)  Tlie  proof  of  this  ia  simiLu-  to  the  preceding. 

two  triangles  ABC  and  ADE  have  a  commoa  angle  at  A, 
::  AD  X  AE:  ABXAC;  whence  tho  eipressioD  for  ABC. 

(308)  From  B  Itt  fall  a  perpendicular  tu  AC,  meeting  it  at  a  point  B'.  C*II 
Ibis  perpendicular  BB'^;i.  From  D  let  fall  a  perpend icukr  to  AC,  meeting  it 
at  a  point  D',     Call  this  perpcudiculor  DD'  =  g. 


[app.  3.]  For  Part  ¥.  sor 

The  quadrilateral  ABCD  =  AC  X  i  (/)  +  9). 

The  triangle  BCE  =  CE  X  i  p ;  whence  p  =    '   „    . 

The    similar  triangles  £DD'    and   B£B'   give  p  :   q  :  :  BE  :   DE,  whenco 
DE_2.BCEXDE 

^""''be"'    cexbe  • 

_       ,  ,      .     .      BCE  ,  BCExDE      ^^„      BE+DE      ^^„  BD 

Then  4  (p  +  9)  = -CE  + -ce3<BE  =  ^^^ '^  Ce5bE  =  ^^^  ^  CE3?Bg 

BD  APyBD 

Lastly.  ABCD=AC  X  BCE  X  ^^^^^  =  BCE  X  ^^. 


DEMONSTRATIONS  FOR  PART  V. 

(389)  Let  B  =  the  moaBLied  inclined  length,  6  =  this  length  reduced  to  a 
horixootal  plane,  and  A  :=  the  angle  which  the  measured  base  makes  with 
the  horizon.  Then  6  =  B  .  cos.  ±  and  the  excess  of  B  over  6,  L  e., 
B  —  6  =  B  (I  —  cos.  A).  Since  1  —  cos.  A  =  2  (sin.  |  A)*  [Trigonometry, 
Art  (9)],  we  have  B  —  6  =  2  B  (sin.  ^  A)'.  Substituting  for  sin.  |.A,  its 
approximate  equivalent,  -J  A  X  sin.  1'  [Trigonometry,  Art  (6)],  we  obtain 
B  — 6  =  2B  (iAX  sin.  1')' =  i  (sin.  1')'.  AV  B,  =0.00000004231  A*  B. 
By  logarithms,  log.  (B  —  6)  =  2.626422  4-  2  log.  A  +  log.  B.  The  greater  precision 
of  this  calculation  than  that  of  6  =  B .  cos.  A,  arises  from  the  slowness  with  which 
the  cosines  of  very  small  angles  increase  or  decrease  in  length. 

(386)  The  exterior  angle  LER  =  LCR  -f  CLD.     Also,  LER  =  LDR  -f  CRD. 
.•.LCR+CLD=LDR-fCRD,      and  LCR  =  LDR+CRD-CLD. 

CD 
From  the  triangle  CRD  we  get  sin.  CRD  =  sin.  CDR  X  j^. 

CD 
From  the  triangle  CLD  we  get  sin.  CLD  ^  sin.  LDC  X  pn-. 

As  the  angles  CRD  and  CLD  are  very  small,  these  values  of  the  sines  may  bo 

called  the  values  of  the  arcs  which  measure  the  angles,  and  we  shall  have 

CD  CD 

LCR  =  LDR  +  sin.  CDR  X  ,—  —  sin.  LDC  X  ^. 

The  last  two  terms  are  expreftsed  in  parts  of  radius,  and  to  have  them  in  seconds, 
they  must  be  divided  by  sin.  i''  [Tngvnumetry,  Art.  (5),  Note],  which  gives  the 
formula  in  the  text  Otherwise,  the  correction  being  in  parts  of  radius,  may  be 
brought  into  seconds  by  multiplying  it  by  the  length  of  the  radius  in  seconds ;  i.  e., 

^^l  ,  ^  ^^  ^  ^^  =  206264".80625  [Trigonometry,  Art  (2)  ]. 
8. 14159,  4SC 

(391)  The  triangles  AOB,  BOC,  COD,  <tc.,  give  the  following  proportions 
[Trigonometry,  Art  (12),  Theorem  I.]  ;  AO  :  OB  :  :  sin.  (2)  :  sin.  (1) ; 
OBt  OC  : :  sin.  (4) :  sin.  (3) ;  OC  :  CD  : :  sin.  (6) :  sin.  (6) ;  and  so  on  around  the 
polygon.  Multiplying  together  the  corresponding  terms  of  all  the  proportions, 
the  sides  will  all  be  cancelled,  and  there  will  result 

1 :  1 : :  sin.  (2)  X  sia  (4)  X  sin.  (6)  X  sin.  (8)  X  sin.  (10)  X  sin.  (12)  X  sin.  (14) : 

•in.  (I)  X  sin.  (3)  X  sia  (6)  X  sin.  (7)  X  sin.  (9)  X  sia  (11)  X  sia  (13). 
Hence  the  equality  of  the  last  two  terms  of  the  proportioa 
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(399)  Id  the  triangle  ABS,  we  haye 

81D.  ASB :  sin.  BAS  : :  AB  :  SB  ^ : — -^-=j — ^ — : — — — .  Ml 

6ia  ASB  Bin.  S  *-  ^ 

In  the  triangle  CBS,  we  haye 

•      T>on      '      r>ncs         r>n     qtj        BC  .  Bin.  BCS        a.8in.V  ., 

BID,  BSC  :  Bia  BCS  : :  BC  :  SB  = : — ^r— - —  =  — : — — -.  [21 

Bin.  BSC  Bin.  S  *•  *' 

„  c.sin.  U       a.Bin.V       ,  .    •    ,     .    „  .     „     .     ^ 

Hence,  — : — — -  =:  — -. — ^-j- ;  whence,  e .  Bin.  S  .  Bin.  U— a .  sin.  S .  am.  V=0.  [8] 
Bin.  o  Bin.  b 

In  the  quadrilateral  ABCS,  we  haye 
BCS  =  860**  — ASB  — BSC  — ABC  — BAS;  or  V  =  860°— S  — S'  — B— U. 

LetTrsSeO**- S  — S'— B,  and  wehave  V  =  T  — U.  [i] 

Substituting  this  yalae  of  V,  in  equation  [3],  we  get  [Trig^  Art.  (8)], 

e .  sin  S'  sin.  IT  —  a .  sin.  S  (sin.  T .  cos.  IT  —  cos.  T .  sin.  U)  =0. 

Diyiding  by  sia  U,  we  get 

(COS.  U  \ 

sin.  T.  -: — —  —  COS.  T 1  ^  0. 
Bin.  U  / 

Whence  we  haye 

COB,  U  .  „      c .  sin.  S'  -|-  a .  sin.  S .  coa.  T 

-■ ff  =  cot  U  = : ; = b 

Sin.  U  a .  sin.  S .  sin.  T 

Separating  this  expression  into  two  parta,  and  cancelling,  we  get 

^  „  € .  sin.  S'        ,  cos.  T 

cot.  U  = : r—^+- =j. 

a .  sin.  S .  sin.  T      sia  T 
Separating  the  second  member  into  factors,  we  get 

^       cos.  T  /      e.  sin.  S'         .   ,  \ 

cot  U  =  -r— =  I 7—5 =7  +  1 1 ;  or 

Bin.  T  \a .  sin.  S .  cos.  T         / 

.    TT  X  r«  /       c '  sin.  S'         ,    ,  \ 

cot  U  =  cot  T  ( :— ^ =;  +  1  1. 

\a .  sin.  S .  cos,  T         / 

Haying  found  U,  equation  [4]  gives  V;  and  either  [1]  or  [2]  gives  SB;  an-l 
SA  and  SC  are  then  given  hy  the  familiar  "  Sine  proportion"  [Trig^,  Art  (12)]. 
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CP 
(403)  If  APC  be  a  right  angle,  -—  =  cos.  CAB  [TrigoDometry,  Art  (4)]. 

(405)  AC  =  PC .  tan.  APC ;  and  CB  =  PC .  tan.  BPC  [Trigonometry,  Art.  (4)]. 
Hence  AC  :  CB  ::  tan.  APC  :  tan.  BPC;  and 

AC  :  AC  +  CB  : :  tan.  APC  :  tan.  APC  +  tan.  BPC. 

Con.eqoenUy,  since  AC +  CB  =  AB,      AC  =  AB  .  ^  j^^'^Z.  BPC' 

(414)  The  equal  and  supplementary  angles  formed  prove  the  operation. 

(4a  1)  In  Fig.  286,  CA  :  EG  : :  AB  :  GB.     By  "division,"  CA— EG:EG:: 
AB  —  GB  :  GK     Hence,    observing    that    AB  —  GB  =  AG,  we    shall    have 
,^      GB(CA  — EG) 

^^  = EG • 

(433)      Art.    (12),    Theorem   III.,    [Trigonometry,    Appendix   A,]    gives 

cos.  C=s -— r ;  or  c*  =  a*  -f-  i'  —  2  ab .  cos.  C.     This  becomes  [Trig.,  Art 

2  ao 

(6)],  K  being  the  supplement  of  C,  c'  =  a'  +  6'  +  2  oft  .  cos.  K.    The  series  [Trig. 

Art  (5)]  for  the  length  of  a  cosine,  gives,  taking  only  its  first  two  terms,  since  E  is 

very  small,  cos.  E  =  1  —  i  E'.    Hence, 

c*  =  a«+ 6«+ 2  a6  —  a6  E«  =  (a+ 6)'-a6 E«  =  (a  +  6)«  A  —  1^^)  ; 

whence,  c  =  (a  +  b)  |/(l  -  (^-jy,). 

Developing  the  quantity  under  the  radical  sign  by  the  binomial  theorem,  and  neg* 
lecting  the  terms  after  the  second,  it  becomes 

Sabstituting  for  E  minutes,  E .  sin.  1'  [Trig.,  Art  (5)],  and  performing  the  multi* 
plication  by  a  -|-  6,  we  obtain 

,.       ailCCsin.  !')•     ^^      (sin.  l')«       ^^^^^^^^.««^h« 
c=a+b ^,   \   ^,     .    Now i — r-^  =  0.0000000428079 ; 

ab  E* 
whence  the  formula  in  the  text,  e  =  a  +  b  —  0.000000042808  X  — r-r- 

a  +  6 

(430)  In  the  triangle  ABC,  designate  the  angles  as  A,  B,  C;  and  the  sides  op- 
posite to  them  as  a,  6,  c.    Let  CD  =  d     The  triangle  BCD  gives  [Trig.,  Art.  (12)^ 

_,  _T  -  sin.  BDC     _,        .      ,     .  «^    .    .,    ,      .        ,        ,    sin.  ADC 

Theorem  I  J,  a  =  d  - — 77=77-.    The  triangle  ACD  similarly  gives  6  =  a  •  -. — tttr' 

Bia  CBD  "^  °  sm.  CAD 

In  the  triangle  ABC,  we  have  [Trig.,  Art  (12),  Theorem  IL], 

taa  i  ( A  —  B) ;  cot  i  C  : :  a  —  b  :a  +  b; 

n  —  h 

whence  tan.  i  ( A  —  B)  =  — j-r  .  cot  i  C.  [1] 

Let  E  be  an  auxiliary  angle,  such  that  6  ^  a .  tan.  E  [  whence  tan.  E  =  - 


400 


DEMONSTRATIONS 


[un  ■. 


D  [1],  above  nod  betow,  by  a,  And  mA 

'      1  +  Un.  K  * 

ms;  BubstitutH  it  for  1  in  tbe  preceding  e^.i>li(%ni 


DiridiDg  the  leeond  member  of  equati 

ting  ton.  K  for  -,  we  get  tan.  i  (A  — 

Since  tao.  4G°  ^  1,  t 

we  get  tan.  }  (A  —  B)^""'"  '""■■ 

From  (he  eipreasion  for  the  tangent  of  the  dSffereoce  oi  two  arta  [Trip,  Alt 
{S]],  the  [Hecediag  &actiaa  icducea  to  (so.  (45°  —  K)  ;  BUd  tbe  eqnstioii  hutaam 

ton.  i  (4—  B)  =  tan,  (iS"  —  K) .  cot  i  C.  £q 

In  the  equatioQ  tan.  E  ^  -,  eubstitute  the  valuea  of  b  nod  a  from  the  tawta 
it  the  bf^iimiDg  of  tliia  invnligftlioii.    Thii  gives 

,      ^       ,  «B.ADC  .   _,  Bm.BI>0      ran.ADC.siD.  CBD 

'^  ^ = *'■  aisrcAD  "■'■  ^SrCBD  ~ 


(A  —  B)  ia  then  obtained  by  equatio 
therefore  the  angle  A  is  known. 


CAD.sJn.BDC' 

[2]  ;  (A  +  B)  ia  the   supplement  of  C 

d.un.BDC.sin.  ACB 


ain-A  sin.  CUD  .sin.  CAB  ' 

)f  the  auxiliu-j  angle  K,  avoida  th«  calculation  of  the  sides  a  aod  b. 


RE 
giyes  —  = 

bf  member, 

Id   the   sn 


-^.    The  trianglo  ACE  gives 
BE  "  '■■-  <-> 


Dividing  memdcr 


CE 


MA 


way  the  trinnglea  BED  and  CED  gh-e  -^  =  "": 't  "^  ^- i 
o+iaiii.(K-^r) 

BE_(i  +  i)«i 


whence  as  before,  =^  =: 


CE~ 


i(R-P) 


eget 


n.(K-Q)- 
EqDsting  tboes  two  values  of  the  san 
a.sin.Q        _lt  +  x) 
(a  +  ;r)  Bin.  f  b.  sin 

°'..ffl'.';K%'''=''-+-' ''+')='■'+'•+'''+■•■' 

To  aoWe  this  cqoation  of  the  Sd  degree,  with  reference  to  r, : 

""■''-(i=Jf....P(.l»K^ir)- 
Then  the  Erst  member  of  the  preceding  equation  ^i  ■  [a —  (}>  x  lan.*E'  I 
woget  i'  +  (a  +  6)i  =  i(a— *)"-Un.'K  — oi, 

and  2  =  — i  (a  +  6)  ±  ^/  [i  (o  —  i)'-Wn.'  K  —aft  +  }  («+  6)^ 

=-i(«+M±%/[i(''  — irw^'K+K"  — *)T 

=  -*){«  +  i)  ±  i  (■■  - 1)  ■/  (Ian.-  K  +  n 


I 


e^/(tan.'K  +  l)  = 


'+1^ 


APF.   B.1 


For  Part  XI. 
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(49«l)  The  oontent  being  given,  and  the  length  to  be  n  times  the  breadth 
Breadth  X  n  times  breadth  =  content ;  whence,  Breadth ^i/  I 1. 

Given  the  content  =  c,  and  the  difference  of  the  length  and  breadth  =a  J ;  tc 
find  the  length  /,  and  the  breadth  6.  We  have  I  x  b  =  c;  and  /  —  6  =  d  From 
these  two  equations  we  get  /  =  |(/+i^((i'-f-4c). 

Given  the  content =<;,  and  the  sum  of  the  length  and  breadth  =  s ;  to  find  /  and  6. 
We  have  I  X  b  =  c\  and  /  -f  ^  =  '  J  whence  we  get  /  =  ^  »  -f-  ^  %/  (*' —  •*  0* 

(494)  The  first  rule  is  a  consequence  of  the  area  of  a  triangle  being  the  product 
of  its  height  by  half  its  base. 

To  get  the  second  rule,  call  the  height  h ;  then  the  base  =  mh ;  and  the  area 
=  I A  X  mA ;  whence  h  =  a/  ( I. 

For  the  equilateral  triangle,  calling  its  side  0,  the  formula  for  the  area  of  a  triangle 

%/  [  (i  »  )  (i  «  —  a)  (i  »  —  ^)  (i  »  —  <^)]  re<3uce8  to  ^  «»  ^/3.  Hence  e  =  2a/ {^\ 
2=  1^197  ^  area. 

(495)  By  Art  (66^  Note,  i .  AB  X  BC  X  sia  B  =  content  of  ABC  ;  whence, 


AB .  sin.  B* 
(496)  The  area  of  a  circle  =  radius '  X  -=- ;  whence  radius  =  a/ t 


7  X  areaV 


22 


(497)  The  blocks,  including  half  of  the  streets  and  avenues  around  them,  are 
900  X  260  =  234000  square  feet  This  area  gives  64  lots ;  then  an  acre,  or  4 8560 
feet,  would  give  not  quite  12  lots. 

(503)  The  parallelogram  ABDC  being  double  the  triangle  ABC,  the  proof  for 
Art  (496),  slightly  modified,  applies  here. 

(504)  Produce  BO  and  AD  to  meet  in  R  Fig.  8M;  bis. 
By  similar  triangles, 

ABE  :  DCE  : :  AB> :  DC. 
ABE  —  DCE  :  ABE  : :  AB'  —  DC*  :  AB'' 

Now  ABE  —  DCE  =  ABCD ;    also,   by 
Art  (65X  Note, 

ABE  =  AB«.f.^;''°-^. 
2.8in.  (A-fB) 

The  above  proportion  therefore  becomes 

ABCD  ;  AB« .   ''":  ^ '  "°;  ^  - ;  AB«  -  0D« ;  AB*. 

2 .  sm.  (A  +  B) 

Multiplying  extremes  and  means,  cancelling,  transposing,  and  extracting  the  equbre 

**  r     L  sm.  A .  sin.  B         J 

26 
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When  A  -f-  B  >  180^  sin.  (A  +  B)  is  negative,  and  therefore  the  fraction  in 
which  it  occurs  becomes  positive. 
CF  being  drawn  parallel  to  DA,  we  have 

AD =FC  =  FB  .  -^^  =  FB .  .     ,J^\      ^,=(AB  -  CD)  .    '/"-f  _, 

Bin.  BCF  em.  (180  — A-^B)      ^  '  ain.  ( A -f- B) 

^^       ,  .-r^       «^v        sin.  A 
BC  =  (AB  —  CD)   .     ,.    .nv 
^  '  Bin.  (A  4"  B) 

(505)  Since  similar  triangles  are  as  the  squares  of  their  homologous  tide% 
BDE  :  BFG  : :  BD« :  BF» ;  whence  BF  =  BDi/^|J~  V 

(506)  BFG  =  i .  BF  X  FG  =  i .  BF  X  BF .  tan.  B  ; 

//2.BFG\ 
whence,  BF  =  |/(.^— g). 

(510)  By  Art  (65),  Note,  BFG  =  ,,Y^^^:^^^ ; 

whence.  BF  =  |/f -°:  ^^^  .^^'/^g). 

r    V        sm.  B .  Bin.  F        / 

(511)  The  final  formula  results  from  the  proportion 

FAE  :  CDE  : :  AE*  :  ED*. 

(512)  Since  triangles  which  have  an  angle  in  each  equal,  are  as  the  prodaetsol 
the  sides  about  the  equal  angles,  we  have  * 

ABE  :  CDE  : :  AE  X  BE  :  CE  X  DE. 

BE  =  AB.e4.  CE  =  DE/i=l^. 

sm.  E  sin.  DOE 

Substituting  these  values  in  the  preceding  proportion,  cancelling  the  common  fac 
tors,  observing  that  sin.  (A  +  B)  =  sin.  E,  multiplying  extremes  and  means,  and 

V    v  *  TMT  //2.CDE.sin.  DCEV 

dividing,  we  get  DE  =  ^  ^--_^-__^-^| 

(515)  The  first  formula  is  a  consequence  of  the  expression  for  the  area  of  a 
triangle,  given  in  the  first  paragraph  of  the  Note  to  Art.  (65). 

(517)  The  reasons  for  tlie  operations  in  this  article  (which  are  of  very  frequent 
occurrence),  are  self-evident. 

(518)  The  expression  for  DZ  follows  from  Art  (65),  Note.  The  proportion  in 
the  next  paragraph  exists  because  triangles  having  the  same  altitude  are  as  their 
bases. 

(519)  By  construction,  GPC  =  the  required  content  Now,  GPC  :=  GDC,  since 
they  have  the  same  base  and  equal  altitudes.  We  have  now  to  prove  that 
LMC  =  GDC.  These  two  triangles  have  a  common  angle  at  CL  Hence,  they  are 
to  each  other  as  the  rectangles  of  the  adjacent  sides;  L  e., 

GDC  :  LMC  : :  GC  X  CD  : :  LO  X  CM. 

Here  CM  is  unknown,  and  must  be  eliminated.    We  obtain  an  ezpreaaioo  for  U 
by  means  of  the  similar  triangles  LCM  and  LEP,  which  give 

LE:  LC::EP  =  CD:CM. 
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CD  yc  JjO 

Hence,  CM  = =:^= — .    Substituting  this  value  of  CM  in  the  first  proportion, 

and  cancelling  CD  in  the  last  two  terms,  we  get 

GDC :  LMO  : :  GO  :  -=-=r;  or  GDC  :  LMC  : :  GC  X  LE  :  LC 

LiCa 

LC  =  (LH  +  HC)»  =  LH«  +  2  LH  X  HC  +  HC». 
Butj  by  construction, 
LH«  =  HK'  =  HE>- EK''  =  HI?- EC'=(HE+EC)  (HE-EC)  =  HC(HE-.EC). 

Also,  GC  =  2HC;  andLE  =  LH  +  HE. 

Substituting  these  values  in  the  last  proportion,  it  becomes 

GDC  :  LMC  : :  2 .  HC  (LH  +  HE) :  HC  (HE  —  EC)  +  2  LH  X  HC  +  HC«. 
: ;  2  LH  +  2  HE   :  HE  —  EC  +  2  LH  +  HC. 

:  HE  — EC  +  2  LH -f  HE -f  EC. 
:  2  HE  +  2  LH. 

The  last  two  terms  of  this  proportion  are  thus  proved  to  be  equal.    Therefore,  the 
first  two  terms  are  also  equal ;  i.  e.,  LMC  =  GDC  ^  the  required  content. 

Since  HK  =  ^  (HE'  —  EK*),  it  will  have  a  negative  as  well  as  a  positive  value. 
It  may  therefore  be  set  off  in  the  contrary  direction  from  I^  L  e.,  to  L'.  The  line 
drawn  from  L'  through  P,  and  meeting  CB  produced  beyond  B,  will  part  off  an- 
9ther  triangle  of  the  required  content. 

(530)  Suppose  the  line  LM  drawn.  Then,  by  Art.  (65),  Note,  the  required 
content,  c  =  i  •  CL  X  CM .  sin.  LCM.  This  content  will  idso  equal  the  sum  of  the 
two  triangles  LCP  and  MCP ;  i.  e.,  <?  =  i  •  CL  X  /)  +  i  •  CM  X  y.    The  first  o! 

these  equations  gives  CM  =  — r^ — : — t-ttt.-     Substituting  this  in  the  second  equa- 

CL .  sin.  LCM 

tion,wehave  v«J-__^i_ 

CL .  sm.  LCM 

Whence,  \  p .  CL' .  sin.  LCM  +  cy  =  c .  CL .  sin.  LCM 

Transposing  and  dividing  by  the  coefficient  of  CL',  we  get 

^T  •       2  c  ^^  2.  cq 

CL' CL  =  —  ^ 


p .  sin.  CLM' 

^"^p^y    V' ""/j.siaLCM)' 

If  the  given  point  is  outside  of  the  lines  CL  and  CM,  conceive  the  desired  line 
to  be  drawn  from  it^  and  another  line  to  join  the  given  pomt  to  the  comer  of  the 
field.  Then,  as  above,  get  expressions  for  the  two  triangles  thus  formed,  and  put 
their  sum  equal  to  the  expression  for  the  triangle  which  comprehends  them  both, 
and  thence  deduce  the  desired  distance,  nearly  as  above. 

(522)  The  difference  d,  between  the  areas  parted  off  by  the  guess  line  AB,  and 
the  required  line  CD,  is  equal  to  the  difference  between  the  triangles  APC  and  BPD 

By  Art  (66),  Note,  the  triangle  APC  =  |.AP«.'!"'  f'  V°»f. 

sin.  (A  +  r) 

Bimilarly  the  triangle  BPD  =  ^  •  BP« "°'  ^'  ^°_^. 

.W=i.AP'?l?:Ai^ 

sin.  ( A  +  P)  sm.  (B  +  P) 


DEIHONSTRATIOKS 


[Arr.  I 


.   Bj  the  expreuion  for  i 


I.  (a  +  6)  [TrigDDometry,  Art  (S)].  we  haxe 
. .  irin.  P  Bin.  B .  nn.  P 

-—;——--——  —  i  BP"  .  ,-        D     „.    pj.,j„    p    , 


DiTiding  each  trkctioii  b;  its  iiumciiLlor,  and  remembeting  that  — 


For  convenience,  let  p  ^  cot,  P ;  a  ^  t 
vill  thea  rekd,  maltipljing  both  aidea 


AP* 


coLP  +  co 
BP* 


P  +  »      P  +  *" 

Cleuing  of  Eractioni,  we  have 

i  dp* +  2  dap+ 2  dip  +  2  dab  =  p.A.T*+b.AP'— p. BV  —  a.W 
T^BOBpoaing,  dividing  through  hj  2d,  and  Beparating  into  factors,  we  gat 
6.AF"  — a.BPi 


S(f 


and  the  eipreaaion  redneea  to  the  rimpler  fm 


(593)  CoDoeiva  a  perpendicular,  BF,  to  be  let  fall  from  B  to  the  requireJ  lim 
DE.  Let  B  repreecDt  the  angle  DBE,  and  3  the  unknown  nagle  DBF.  The  anglo 
BDF  =  90'  —  fl;  and  the  nngla  BEF  =  90°  —  (li  —  0)  =  90°  —  B  +  3.  By  Art. 
(66),   Note,   the   area  of   the   triangle  DBE  =  i   DE"  ■   "»■  ^^'^  .  sin.  BED_ 


fln.(90°  — g)ai 


t-DE>< 


Hence,    DE"  =  -r 


. (90° - 


f« 


0.  tBDE  +  BEDL 


2  XDBEX  OD.B   ' 


.in.(90°  — fl). 


u.  (90°  — B  +  5)        CO*  ^.  cot  (B  — fl)" 


Now  in  order  that  DE  may  be  the  leaat  possible,  the  denominalor  of  the  kit 
frseUou  raael  be  the  greatest  possible.  It  majr  be  triuiaformrd,  bj  the  formula, 
C09.  a .  coa.  6  =  J  cos.  (a  +  t)  +  i  .  coe.  (a  —  A)  [Trigonometry,  Art.  (8)  ],  jnta 
}  ccM.  B  +  ^  .C09.  (B  —  2  ff).  since  B  i»  constanl,  llie  value  of  Ibia  expreiaina  de- 
pends OD  ita  second  term,  and  that  will  be  the  greatest  po&siblo  when  B  —  3  9  =  0, 
in  which  case  ff^iS. 

It  hence  appears  that  the  required  line  DE  is  perpendicular  to  the  line,  BF, 
which  bisects  the  given  angle  B.    Tliis  gives  the  diriciinn  in  which  DE  ii  to  be  ran, 

Its  starting  point,  D  or  E,  is  found  thus.  The  area  of  the  Uiangla 
DBE  =  }  BD .  BE .  sin.  B.    Since  the  liiaugle  is  isosceles  tliie  becomes 


DBEsIBD*,! 


eBD: 


/  /2  DBE\ 


DE  is  obtained  from  the  eipreasion  for  DE*,  which  becomes,  mobiDg  ff  a 
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(534)  Let  a  ^  value  per  acre  of  one  portion  of  the  lan<],  and  h  that  of  the 
other  portion.     Let    ar  =  the  width  required,  BC  or  AD.      Then  the  value  oi 

BCFE  =  a  X  ^-^^,  and  the  value  of  ADFE  =  6  X  ^45. 

Putting  the  sum  of  these  equal  to  the  valae  required  to  be  parted  off,  we  obtain 
^__  value  required  X  10 
*^  aXBE  +  6X  AE  * 

(525)  All  the  constructions  of  this  article  depend  on  the  equivalency  of  trian- 
gles which  have  equal  bases,  and  lie  between  parallels.  The  length  of  AD  is  de- 
rived from  the  area  of  a  triangle  being  equal  to  its  base  by  half  its  altitude. 

(527)  Since  similar  triangles  are  to  each  other  as  the  squares  of  their  homolo- 
gous sides, 

ABC  :  DBE  : :  AB« :  BD« ;  whence  BD  =  AB  a/  ???  =  aB  4/-^—. 

f    ABC  r   m  -f-  n 

The  construction  of  Fig.  363  is  founded  on  the  proportion 

BF  :  BG  : :  BG  :  BA;  when  BD  =  BG  =  ^/  (BA  X  BF)  =  BA  4/    7     « 

(52§)  By  hypothesis,  AEF  :  EFBC  : :  w  :  n ;  whence  AEF  :  ABC  : :  m  :  m  4-  n 

«   .  -r^*^        .  -r^^     w*  AC  X  DB         m  . .         .  __         .        .  _        „^ 

and  AEF  =  ABC — ; — = ^ j — .      Also,   AEF  =  i   •  AE  X  EF. 

m  -\-  n  2  w  -f-  n 

The  similar  triangles  AEF  and  ABD  give  AD  ;  DB  : :  AE  :  EF  = 7— — .    The 

AD 

DB  ^  AE 
second  expresaion   for  AEF  then  becomes  AEF  =  i  AE  • — — — .    Equating 

this  with  the  other  value  of  AEF,  we  have 

ACXDB        m  AE*XDB        ^  ,^  //.^.    .^.       m 


m  +  n         2 .  AD 


whence  AE  =  i/(  AC  X  AD  X  -^-^V 


(530)  In  Fig.  366,  the  triangles  ABD,  DBC,  ha'ving  the  same  altitude,  are  to 
each  other  as  their  bases. 

In  the  next  paragraph,  wo  have  ABD  :  DBC  : .  AD  :  DC  ::m:n;  whence 
AD  :  AC  ::  m:in-{-n;  and  AC  :  DC  ::  m-^-n  :  n\  whence  the  expressions  for 
AD  and  DC. 

In  Fig.  867,  the  expression  for  AD  is  given  by  the  proportion  AD :  AC  ::m:m-\-n. 
Similarly  for  DE,  and  EC. 

(531)  In  Fig.  868,  conceive  the  line  EB  to  be  drawn.  The  triangle 
AEB  =  ^  ABC,  having  the  same  altitude  and  half  the  base  ;  and  AFD  =  AEB, 
because  of  the  equivalency  of  the  triangles  EFD  and  EFB,  which,  with  AEF,  make 
up  AFD  and  AEB. 

The  point  F  is  fixed  by  the  similar  triangles  ADB  and  AEF 

The  expression  for  AF,  in  the  last  paragraph,  is  given  by  the  proportion, 

ABC  :  ADF  : :  AB  X  AC  :  AD  X  AF ; 

.^      AB  X  AC    ADF      AB  X  AC        m 
whence,  AF  =: 


AD  ABC  AD  m  +  n 

(532)  The  areas  of  triangles  being  equal  to  the  product  of  their  altitudes  by 
half  their  bases,  the  constructions  in  Fig.  369  and  Fig.  870  follow  therefrom. 
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(533)  In  Fig.  871,  conceive  the  line  BL  to  be  drawn.  The  triangle  ABL  ^^^ 
be  a  third  of  ABC,  having  the  same  altitude  and  one-third  the  base ;  aod  AElX>  ^ 
equivalent  to  ABL,  because  £LB  =-  £LD,  and  AKL  is  common  to  both.  A  siizi^ ^^ 
proof  applies  to  DCQ. 

(534)  In  Fig.  872,  the  foor  smaller  triangles  are  mutually  equivalent,  bec0>^2d^ 
of  their  equal  bases  and  altitudes,  two  pairs  of  them  Ijing  between  parallek 

(535)  In  Fig.  873,  conceive  AE  to  be  drawn.  The  triangle  AEC  =  i.  AJBC7, 
having  the  same  altitude  and  half  the  base  ;  and  EDFC  =  A£C,  because  of  tJi^ 
common  part  F£0  and  the  equivalency  of  FED  and  FEA. 

(536)  In  Fig.  874,  in  addition  to  the  lines  used  in  the  problem,  draw  BF  aii<^ 
DO.    The  triangle  BFC  =  i  ABC,  having  the  same  altitude  and  half  the  base. 
Also,  the  triangle  DFG  =  DFB,  because  of  the  parallels  DF  and  BG.   Adding  DFC 
to  each  of  these  triangles,  we  have  DCG  =  BFC  =  i  ABC.     We  have  then  to 
prove  LMC  =  DCG.     This  is  done  precisely  as  in  the  demonstration  of  Art  (519)i 
page  402. 

(537)  Let  AE  =  x,  ED  =  t/,  AH  =  x',  HF  =  y',  AK  =  tf,  KB  =  6. 

The  quadrilateral  AFDE,  equivalent  to  ^  ABC,  but  which  we  will  represent* 
generally,  by  m*,  is  made  up  of  the  triangle  AFH  and  the  trapezoid  FHED. 

AFH  =  i.ary.  FHED  =  i  (x - ar')  (y  +  y '). 

.-.  AFDE  =  m'=:i.  xy  +  i  (x-^x')  (y  +  y)  =  i  x  (y  4-y')~i  *>• 
The  similar  triangles,  AHF  and  AKB,  give 

a  :  6  : :  «  :  y  =  — . 

a 

Subfltitutiog  this  value  of  y'  in  the  expression  for  m*,  we  have 

bx'^ 


m' 


=  i«  V  "^t)  ""^•*^^» 


,      a(2w'  — a-v)      AK  (f  ABC  — AE  XED) 
''^^'^^''  '  =     bx-^ay'    =  KBXAE-AKXED- 

The  formula  is  general,  whatever  may  be  the  ratio  of  the  area  m'  to  tLat  o( 
the  triangle  ABC.  ' 

(538)  In  Fig.  376,  FD  is  a  line  of  division,  because  BF  =  the  triangle  BDF 
divided  by  half  its  altitude,  which  gives  its  base.    So  for  the  other  triangles. 

(539)  In  Fig.  377,  DG  is  a  second  line  of  division,  because,  drawing  BL,  the 
triangle  BLC  =  §  ABC ;  and  BDGC  is  equivalent  to  BLC,  because  of  the  common 
part  BCLD,  and  the  equivalency  of  the  triangles  DLG  and  DLB. 

To  prove  that  DF  is  a  third  line  of  division,  join  MD  and  MA  Then 
BMA  =  i  BGA     From  BMA  take  MFA  and  add  its  equivalent  MFD,  and  we  hare 

MDFB  =  i  BGA  =  i  ( ABDG  —  BDG)  =  i  (§  ABC  —  BDG)  =  i  ABC  —  i  BDG 

To  MDFB  add  MDB,  and  add  its  equivalent,  i  BDG,  to  the  other  side  of  the  equa- 
tion,  and  we  have 

MDFB  +  MDB  =  J  ABC  —  i  BDG +  i  BDG;  or,  BDF  =  J  ABC. 

(540)  In  Fig.  878,  the  triangle  AFC  =  ^  ABC,  having  the  same  base  and  one- 
third  the  altitude.  The  triangles  AFB  and  BFC  are  equivalent  to  each  other, 
each  being  composed  of  two  triangles  of  equal  bases  and  altitudes ;  and  each  if 
therefore  one- third  of  ABC. 
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In  Fig.  879,  AFC  :  ABC  : :  AD  :  AB ;  since  these  two  triangles  have  the  commoc 
base  AC,  and  their  altitudes  are  in  the  above  ratio.  So  too,  BFC :  ABC : :  BE  :  BA 
Hence,  the  remaining  triangle  AFB  :  ABC  : :  DE  :  AB. 

(541)  By  Art.  (65),  Note,  ABC  =  i  AC  X  CB  X  sin.  ACB.  But  the  angle 
ACB  =  ACD+DCB=:i  (180°— ADC)+i  (180°-CDB)  =  180°-i  (ADC-f  CDB). 
Hence,  ABC  =  i  AC  X  CB  X  sin.  ^  (ADC  -f  CDB)  =  i  AC  X  CB  X  sin.  ^  ADR 

Let  r  =  DA  =  DB  =  DC.  Since  AB  is  the  chord  of  ADB  to  the  radius  r,  and 
therefore  equal  to  twice  the  sine  of  half  that  angle,  we  have 

«n.i.  ADB=45;  whence,  ABC  =  i  AC  XCB  x|?;  and r  =  ^^ ^  ^^^  ^^ 

Also,  since  the  area  of  each  of  the  three  small  triangles  equals  half  the  product  of 
the  t\^o  equal  sides  into  the  sine  of  the  included  angle  at  D,  these  triangles  will 
be  to  eacli  other  as  the  sines  of  those  angles.     Tliese  angles  are  found  thus : 

sin.  X  ADB  =  —  ;  sm.  ^  BDC  =  —-  ;  sin.  ^  ADC  =  --. 
=  2r  '  2r'  '  2r 

(542)  The  formulas  in  this  article  are  obtained  bj  substituting,  in  those  of  Art. 
(628),  for  the  triangle  DBE,  its  equivalent      ^^     X  i  AB  X  BC  X  sin.  B. 

^^  .,       ^  //     ^        ABxBCXsin.  B\  //     m         .„.  „^\ 

BD  thus  becomes  =  4/ I — j— r-^ )=4/(  — j— XABXBC); 

r     \m  -f-  n  sin.  B  /        f     \m  + «  ' 

\^(;^XABxBCX8in.aB)       gin  b         //    m  \ 

andDE  =  l-!^^±^^ ^=  i!^  .  |//_^XABxBo). 

cos.  ^  B  cos.  i  B     r    \m  +  »  / 

(543)  The  rule  and  example  prove  themselves. 

(544)  In  Fig.  883,  conceive  the  sides  AB  and  DC,  produced,  to  meet  in  some 
point  P.  Then,  by  reason  of  the  similar  triangles,  ADP  :  BCP  : :  AD^ :  BC , 
whence,  by  "  division,"  ADP  —  BCP  =  ABCD  :  BCP  : :  AD«  —  BC  :  BC». 

In  like  manner,  comparing  EFP  and  BCP,  we  get  EBCF :  BCP : :  EFa-BO* :  BC»- 
Combining  these  two  proportions,  we  have 

ABCD:  EBCF::  AD^  —  BC  :  EF»  —  BC« ; 
or,  m  +  n:m:i  AD'  —  BC« :  EF»  —  BC«. 

Whence,  (m  +  n)  EP  —  m .  BC  —  n  BC  =  m .  AD«  —  m .  BC» ; 


r     \  wj  4-  n  / 


Al«\  from  the  similar  triangles  formed  by  drawing  BL  parallel  to  CD,  we  haye 

AL:  EK::  BA  :  BE  =  5^^=^^(Hir^) 

AL  AD  — BC 

(545)  Let  BEFC  =  — ^  •  ABCD  =  a;    let    BC  =  6 ;    BH  =  h;    and 

m-f-  n 

AD  —  BC  =  c.   Also  let  BG  =  ar ;  and  EF  =  y.    Draw  BL  parallel  to  CD.    By  sim- 

Uar  triangles,  AL :  EK  : :  BA :  BE  : :  BH  :  BG ;  or,  AD- BC :  EF-BC  • :  BH : BO ; 

r      r             t.                 *(y— *) 
:.e.,  c:y  —  o  ::  h:  z;  whence  x  =  —^ . 

c 

2a 
Aiao,  the  area  BEFC  =  a  =  i .  BG  (EF+  BC)  =  i  x  (y +  6) ;  whence  y  = ft 
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Siibllitliting  thiB  Tulu«  of  y  in  the  cxprcuiun  for  z,  aai  Ttdaang,  'we  iibtaia 
3f>-i X  ^ ;  whence  we  bara  i  ^  —  ^  ±  4/  I  — 1-  — —  J. 

The  iMand  proportion ibovogireay  —  *^X  '  '''*'"^  y^*+  t  ■  -^ 

Replacing  the  symbols  bj  their  lines,  we  get  ibe  formuliu  in  Ibe  text. 

{S46)  ABEF=)ABCD.  But  ABIiP  =  ABEF,  becsuie  of  the  eommoopiH 
ABUT,  and  tlio  triangles  FItP  nod  PKK.  whicli  mnke  up  the  two  figon^  nd 
which  ore  BquivaleDt  becHuae  o(  the  parallels  FK  and  PR    So  for  the  other  [«tta 

(S4T)  The  truth  of  the  foot-note  is  evident,  since  the  first  line  biiects  tU  UK 
peloid,  and  any  other  line  drawn  thrangh  its  middle,  anil  meeting  the  psnIM 
sides,  adds  one  triangle  to  each  lialf,  and  talics  awny  an  equal  triangle ;  ud  dm 
does  not  disturb  the  equivalency. 

(54§)  In  Fig.  386,  since  EF  is  parallel  to  AD,  we  lift»e  ADO :  EOF : :  on>:  OK^ 
EGF   is   made  np  of   th«  triangle  BCO^o',  and  the    quadrilateral  BGFCs 

-  ■  ABCD  =  — ^- —  (a  —  a).    Hence  the  aboTO  proportion  b 


(m 


»)a 


: :  OH*  :  QS} ;  whence  OE  =  01 


/(^ 


GE  is  giren  b;  the  proportion  OH  :  GK::OA  :  OB  =  QA  --p^- 

In  Fig,  3B6,  the  divisioci  into  p  parts  is  founded  on  the  same  prii 

iriuigle  EFG  =  GBC  +  EFCB  =  a'  +  ^    Now  ADO  :  EFO :;  AG" : 


:AG':EG';  whence  QE  =  AG 


OL  is  obtained  by  taking  the  triangle  LMG  = 


/(jil)-i 


;  and  oo  for  the  n 


(555)  In  Fig.  390,  join  FC  and  GC.  Becanse  of  Ihe  parallels  CA  and  BF,  Ih* 
triangle  FCD  will  bo  equivalent  (a  the  quadrilateral  ABCD.  of  which  GCD  will 
therefore  be  one  half;  and  becsese  of  the  parallels  GE  and  CH.  EU  DC  will  be 
equivalent  to  OCD. 

(5S3)  In  Fig.  391,  by  drawing  certain  lines,  the  quadrilateral  can  be  divided 
into  three  equivalent  parts,  each  composed  of  nil  equivalent  trapezoid  and  aa 
equivalent  triangle.  Th«se  three  equivalent  parts  can  then  be  tranefonned,  bf 
means  of  the  parallel^  into  the  three  equivalent  quadrilaterals  shown  in  lbs 
figure.    The  full  development  of  the  proof  is  left  as  an  exercise  tor  the  Itudest 

Id  Fig.  393. 'Jraw  CQ.  Then  CBG  =  J  ABCD.  ButCEtl  =  CaQ,  Therefon 
CRQ6  =  )  ABCD,    So  for  the  other  divisioa  line. 

(556)  The  division  of  the  base  of  the  equivalent  triangle,  divides  the  poljgoi 
similarly.  The  point  Q  results  from  the  equivalency  of  the  triangles  ZBPu  -*~~ 
PQ  being  parallel  to  BZ. 


APPENDIX    0. 


nrrsoDXTCTiOF  to  leveluhg. 

(1)  Tlie  Principles*  Leveluno  is  the  art  of  finding  how  much  one  poiut 
is  higher  or  lower  than  another;  L  e.,  how  much  one  of  the  points  is  above  or  below 
a  level  line  or  snrface  which  passes  through  the  other  point 

A  Uvel  or  horizontal  line  is  one  which  is  perpendicular  to  the  direction  of  grav- 
ity, as  indicated  by  a  plumb-line  or  similar  means.  It  is  therefore  parallel  to  the 
surface  of  standing  water. 

A  level  or  horizontal  tur/ace  is  defined  m  the  same  way.  It  will  be  determined 
by  two  level  lines  which  intersect  each  other.* 

Levelling  may  be  named  VEaxiOAL  Sueveyino,  or  Up-anddovm  Sur^teying ;  the 
subject  of  the  preceding  pages  being  Horizontal  Surveying^  or  Right-and-left  and 
Fore-and-aft  Surveying. 

All  the  methods  of  Horizontal  Surveying  may  be  used  in  Vertical  Surveying. 
Tlie  one  which  will  be  briefly  sketched  here  corresponds  precisely  to  the  method 
of  "  Surveying  by  offsets,"  founded  on  the  Second  Method,  Art  (6),  "  Rectangular 
O-ordinates,"  and  fully  explained  in  Arts.  (114),  Ac 

The  operations  of  levelling  by  this  method  consist,  firstly,  in  obtaining  a  level 
line  or  plane ;  and,  secondly,  in  measuring  how  far  below  it  or  above  it  (usually 
the  former)  are  the  two  points  whose  relative  heights  are  required. 


^ 


J 


(3)  The  Instruments.  A  level  Fifr4i5. 

line  may  be  obtained  by  the  following       ^i 

simple  instrument,  called  a  **  Plumb-line 
level**  Fasten  together  two  pieces  of 
wood  at  right  angles  to  each  other,  so  as 
to  make  a  X*  ftod  draw  a  line  on  the  up- 
right ooe  so  as  to  be  exactly  perpendicu-  * 
lar  to  the  top  edge  of  the  other.  Suspend 
a  plumb-line  as  in  the  figure.  Fix  the  T 
against  a  staff  stuck  in  the  ground,  by  a 
screw  through  the  middle  of  the  cross- 
piece.  Turn  the  T  till  the  plumb-line 
exactly  covers  the  line  which  was  drawa 

Then  will  the  upper  edge  of  the  cross-piece  be  a  level  line,  and  the  eye  can  sight 
across  it,  and  note  how  far  above  or  below  any  other  point  this  level  line,  pro- 
longed, would  strike.  It  will  be  easier  to  look  across  sights  fixed  on  each  end  of 
the  cross-piece,  making  them  of  horsehair  stretched  across  a  piece  of  wire,  bent 
into  three  sides  of  a  square,  and  stuck  into  each  end  of  the  cross-piece  ;  taking  care 
that  the  hairs  are  at  exactly  equal  heights  above  the  upper  edge  of  the  cross-piece. 


*  Certain  smsll  onrreoCloDS,  to  be  hereafter  explained,  will  be  Ignored  for  the  present,  and  we 
wtU  eonsider  level  lines  as  straight  lines,  and  level  surfaces  as  planes. 


410  LETIUIK.  L^p. 

earp^ac^y'i  f^^Lu^  izi  a.  s^  zl  :^  «sg-  if  a.  fnff      ^^^ 

aX  tb»  aagU  &o  tista:  i:  sat 

^W^^iA  H  kaa  h^t^^a  trooe^  u»  <^  sezl  ftj 

t>>(  «tfpar»,  iLea  t£^  •ocber  ara  ^s^  be  k^«L 

L<iB<^pt«  tx;^    *  vaLer   alvaji    ^sria  ica 
ci3rr«spcadi£^  to  tixe  aeeood  part  cf  csr  ocso. 
UMi  «^  a  lerel  Ixi^e.    Ifa  tebe  be  bexs  sp  as 
<fl^  aa-i  CiC^T  filled  vitk  iratff,  t^  sziaee  «f 
t]»«  vater  xa  oc«  exid  vill  alnn  be  ai 
be^t  aa  that  io  the  odi«r,  boverer  tL 


I 


U  the  tcbe  maj  rarj.     Chi  this  tnssk  dsp^si^  :ae  "  V<dnr4areL*    It  aaj  bt 
eaaO J  eonftixcted  'vitb  a  tabe  of  tie,  kad.  eepp^,  4c,  bj  bfia^wig  iip»  at  right 
angiefl^  an  ioeb  or  tvo  of  eadi  a»d, 
and   KipportiDg  the    tsbe,   if   too  I>f.<ll. 

flexible,  on  a  "wooden  bar.    In  tlKse      j^ \ i 

eads    cement  (vith   pixttT,    twioe  -^^  ^\ 

dipped  in  vbite-lead,  k/t.\  thin  phe- 

ak,  with  their  bottozni  broken  o£^ 

K»  aa  to  leare  a  free  eommnniration 

between  them.     Fill  the  tube  an*! 

the  phiaK  nearlr  to  their  top,  with  colored  water.     Bine  ritriol,  or  coehiiieal, 

may  be  naed  for  coloring  it     Cork  their  months  and  fit  the  inetnsment,  by  a 

fteady  bat  flexible  joint,  to  a  tripod.    Figures  of  joints  are  giren  on  page  IH  ^ 

of  tripoda  on  page  133. 

To  nue  it,  aet  it  in  the  desired  spot,  place  the  tnbe  br  eve  nearlr  level,  remoye 
the  corks,  and  the  surfaces  of  the  water  in  the  two  phials  will  come  to  the  same 
level  Stand  about  a  jard  behind  the  nearest  phial,  and  let  one  eye,  the  other 
being  closed,  glance  along  the  right-hand  side  of  one  phial  and  the  left-hand  side 
of  the  other.  Raise  or  lower  the  head  till  the  two  sorfaces  seem  to  coincide,  and 
this  line  of  sight,  prolonged,  will  give  the  level  line  desired.  Sights  of  equal 
height,  floating  on  the  water,  and  rising  above  the  tops  of  the  phinls,  would  give 
a  better-defined  line. 

The  '' Spirit-Uver  conswts  essentially  Flg.4i5. 

of  a  curved  glass  tube  nearly  filled  with 
alcohol,  but  with  a  bubble  of  air  left 
within,  which  always  seeks  the  highest 
spot  in  the  tube,  and  will  therefore  by 
its  movements  indicate  any  change  in 
the  position  of  the  tube.  Whenever  the  bubble,  by  raising  or  lowering  one  eD«i, 
has  been  brought  to  stand  between  two  marks  on  the  tube,  or,  in  case  of  expan* 
sion  or  contraction,  to  extend  an  equal  distance  on  either  side  of  them,  the  bottom 
of  the  block  (if  the  tube  be  in  one),  or  sights  at  each  end  of  the  tube,  preTiouslj 
properly  adjusted,  will  be  on  the  same  level  line.  It  may  be  placed  on  a  board 
fixed  to  the  top  of  a  staff  or  tripod. 

When,  instead  of  the  sights,  a  telescope  is  made  parallel  to  the  level,  and  vari- 
ous contrivances  to  increase  its  delicacy  and  accnracy  are  added,  the  instrument 
becomes  the  Eogineer'a.  spirit-level. 
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Fig.  419. 


(3)  The  Practice.  By  'whichever  of  theso  various  means  a  level  line 
hfts  been  obtained,  the  subsequent  operations  in  making  use  of  it  are  identical, 
bince  the  **  water-leveP  is  easily  made  and  tolei*ably  accurate,  we  will  Buppoae  it 
to  be  employed.  Let  A  and  B,  Fig. 
419,  represent  the  two  points,  the 
difiference  of  the  heights  of  which  is 
required.  Set  the  instrument  on 
any  spot  from  which  both  the  points 
ean  be  seen,  and  at  such  a  height 
that  the  level  line  will  pass  above 
the  highest  one.  At  A  let  an  assist- 
ant hold  a  rod  graduated  into  feet, 
tenths,  dec.  Turn  the  instrument  to- 
wards the  sta£^  sight  along  the  level 
line,  and  note  what  division  on  the 
ftaff  it  strikes.  Then  send  the  staff 
to  B,  direct  the  instrument  to  it,  and  note  the  height  observed  at  that  poSut  If 
the  level  line,  prolonged  by  the  eye,  passes  2  feet  above  A  and  6  feet  above  R  the 
difference  of  their  heights  is  4  feet  llie  absolute  height  of  the  level  line  it««lf  is 
a  matter  of  indifference.  The  rod  may  carry  a  target  or  plate  of  iron,  clasped  to 
it  so  as  to  slide  up  and  down,  and  be  fixed,  at  will.  This  target  may  be  varioiisly 
painted,  most  simply  with  its  upper  half  red  and  its  lower  half  white.  The  hori- 
zontal line  dividing  the  colors  is  the  line  sighted  to^  the  target  being  moved  up 
or  down  till  the  line  of  sight  strikes  it.  A  hole  in  the  middle  of  the  target  shows 
what  division  on  the  rod  coincides  with  the  horizontal  line,  when  it  has  been 
brought  to  the  right  height. 

If  the  height  of  another  point,  C,  Fig.  420,  not  visible  from  the  first  station,  hb 
required,  set  the  instrument  so  as  to  see  B  and  C,  and  proceed  exactly  as  with  A 


Fig.  420. 
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and  B.  If  0  be  1  foot  below  B,  as  in  the  figure,  it  will  be  5  feet  below  A  It  it 
were  found  to  be  7  feet  above  B,  it  would  be  3  feet  above  A.  The  comparative 
height  of  a  series  of  any  number  of  points,  can  thus  be  found  in  reference  to  any 
one  of  theoL 

The  beginner  in  the  practice  of  levelling  may  advantageously  make  in  his  note- 
book a  sketch  of  the  heights  noted,  and  of  the  distances,  putting  down  each  as  it 
b  observed,  and  imitating,  as  nearly  as  his  accuracy  of  eye  will  permit,  their  pro- 
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portional  dimenaionj.*  But  >Iicn  tlie  oUervution*  are  DDineroai.  Uiey  ihoiild  b 
kept  in  a  tabular  forni,  aucb  as  that  vhich  U  given  biilow.  The  uiune*  o/dM 
poiota,  or  "StationH,"  whose  beigbta  are  demnaded,  are  ptaped  in  the  Gnl  cdasn; 
and  their  heights,  as  Eoallj  ascertained,  in  reference  to  t1i«  firtt  pam^  in  tlw  IM 
eolnmn.  The  heights  above  the  Btarting  point  iro  marlfcd  -}-.  and  thou  belt*  it 
ara  marted — .  The  bscli-sight  to  any  station  is  placed  on  the  line  belovlk 
point  to  vhich  it  refers.  When  a  bacfc-Hight  exceeds  a  furc-aight,  their  diffirMM 
U  placed  in  the  culujnn  of  "  Rise ;"  vhen  it  ia  less,  their  difference  ii  i  "Fill* 
The  folloning  tabic  repreaeuta  the  aame  observations  as  the  last  figure,  ud  lUr 
«areful  conparieoD  will  explain  an;  obsctirilieB  in  either. 


Btationl. 

DkUDOSL. 

BKk-dgbls. 

Tm^tlgbUL. 

BIH. 

Tai 

rotdDtigiih 

A 

0.110 

B 

100 

2.00 

S.0O 

-4.0C 

-4.  DO 

0 

60 

ii.oo 

4.00 

-I.(K 

-5.00 

D 

40 

S.O0 

1.00 

E 

70 

6.00 

1.00 

+  LM 

+  1.00 

F 

60 

S.0O 

B.0O 

-4.00 

-3.00 

15.00 

18.00 

-S.O0 

TTiB  above  table  ahowa  that  B  ia  4  feet  below  A  ;  that  C  ia  5  feet  below  A;li>l 
E  ia  1  foot  above  A ;  and  bo  od.  To  test  the  calculalions,  add  up  the  baci-Bghu 
and  fore-aighta.     The  differenee  of  the  Bums  should  equU  the  last  "  total  boigiil.* 

Another  form  of  the  levelling  field-book  is  presented  below.  It  rcfcn  to  lU 
•atDO  atatlona  and  levels,  noted  in  the  previous  form,  and  shown  in  Fig.  4S0. 


SUHoaa 

D.t«c«. 

BKk4<glltS, 

HtIa.t.bo«D.tn^ 

Fxro-Bl^U. 

Total  Hrfihia 

A 

0.00 

B 

100 

2.00 

+  2,00 

S.00 

-4.00 

C 

GO 

8.00 

-  1.00 

4.00 

-a.oo 

D 

2.00 

-8,00 

1.00 

-4.00 

E 

1,00 

+  1.00 

F 

60 

2,00 

+  3.00 

6,00 

-3.00 

16.00 

18.00 

-3.00 

In  the  above  format  will  be  accQ  that  a  new  column  ia  Introduced,  ei 
the  Height  of  tlie  Instrument  (L  e..  of  its  line  ot  sight),  not  above  the  glosnd 
wiiere  it  stands,  but  above  the  Dalam,  or  startiag-point,  of  the  levels.  The  fbnur 
colamns  ot  "Jliae"  and  "Full"  are  omitted.  The  above  notes  are  taken  thus: 
Tbe  height  ot  the  ilarilng-point  or  "  Datmn,"  nt  A,  is  0.00.  The  instrument  being 
set  up  and  levelled,  the  rod  is  held  at  A.  The  back-sight  upon  It  is  3.00 ;  tbeiw 
fore  the  height  of  the  instrument  is  also  S.OO.  The  rod  is  next  held  ■(  B.  Tbe 
foro-sight  to  it  is  6.00.  That  point  is  therefore  0.00  beloir  the  instramcnt,  cr 
a,00  —  D,00  =  —  4.00  below  the  datum.  The  ioatrument  is  now  moved,  and  ^aia 
act  up,nndthe  badi-slght  lo  B.  being  8.00,  the  HUInat  ia  —4X10  + 8.00=— LOO 


•  Id  tha  I 


r,  Ihel 


tloftlK 


u-leDlb  sf  tbrlr  pruiKi  proportlDnil  slu. 
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and  ao  on :  the  Ht  Inst  being  always  obtained  by  adding  the  back-sight  to  tho 
height  of  the  peg  on  which  the  rod  is  held,  and  the  height  of  the  next  peg  being 
obtained  by  subtracting  the  fore-sight  to  the  rod  held  on  that  peg,  from  the  Ht  Inst* 

The  leyel  lines  given  by  these  instruments  are  all  lines  of  apparent  level,  and 
not  of  true  level,  which  should  enrve  with  the  surface  of  the  earth.  These  level 
lines  strike  too  high;  but  the  difference  is  very  small  in  sights  of  ordinary  length, 
bemg  only  one-eighth  of  an  inch  for  a  sight  of  one-eighth  of  a  mile,  and  diminidhing 
as  the  square  of  the  distance ;  and  it  may  be  completely  compensated  by  setting 
the  instrument  midway  between  the  points  whose  difference  of  level  is  desired ;  a 
precaution  which  should  always  be  taken,  when  possible. 

It  may  be  required  to  show  on  paper  the  ups  and  downs  of  the  line  which  has 
been  levelled ;  and  to  represent^  to  any  desired  scale,  the  heights  and  distances  of 
the  various  points  of  a  line,  its  ascents  and  descents,  as  seen  in  a  side-view.  This 
13  called  a  **  Profile.^*  It  is  made  thus.  Any  point  on  the  paper  being  assumed 
for  the  first  station,  a  horizontal  line  is  drawn  through  it ;  the  distance  to  the  next 
station  is  measured  along  it,  to  the  required  scale  ;  at  the  termination  of  this  dis- 
tance a  vertical  line  is  drawn ;  and  the  given  height  of  the  second  station  above  or 
helow  the  first  is  set  off  on  tliis  vertical  line.  The  point  thus  fixed  determines 
the  second  station,  and  a  line  joining  it  to  the  first  station  represents  the  slope  of 
the  ground  between  the  two.    The  process  is  repeated  for  the  next  station,  &c 

But  the  rises  and  falls  of  a  line  are  always  very  small  in  proportion  to  the  dis 
tances  passed  over ;  even  mountains  being  merely  as  the  roughnesses  of  the  rind 
of  anoranga  If  the  distances  and  the  heights  were  represented  on  a  profile  to  the 
same  scale,  the  latter  would  be  hardly  visible.  To  make  them  more  apparent  it 
is  usual  to  **  exaggerate  the  vertical  scale**  ten-fold,  or  more ;  I  e.,  to  make  the 
representation  of  a  foot  of  height  ten  times  as  great  as  that  of  a  foot  of  length,  as 
in  Fig.  420,  in  which  one  inch  represents  one  hundred  feet  for  the  distances,  and 
ten  feet  for  the  heights. 

The  preceding  Introduction  to  Levelling  has  been  made  as  brief  as  possible ;  but 
by  any  of  the  simple  instruments  described  in  it,  and  either  of  its  tabular  forms,  any 
person  can  determine  with  sufficient  precision  whether  a  distant  spring  is  higher  or 
lower  than  his  house,  and  how  much ;  as  well  as  how  deep  it  would  be  necessary 
to  cut  into  any  intervening  hill  to  bring  the  water.  He  may  in  like  manner  ascer- 
tain whether  a  swamp  can  be  drained  into  a  neighboring  brook ;  and  can  cut  the 
necessary  ditches  at  any  given  slope  of  so  many  inches  to  the  rod,  &c^  having  tlius 
found  a  level  line ;  or  he  can  obtain  any  other  desired  information  which  depends 
on  the  relative  heights  of  two  points. 

To  explain  the  peculiarities  of  the  more  elaborate  levelling  instruments,  the 
precautions  necessary  in  their  use,  the  prevention  and  correction  of  errors,  the 
overcoming  of  difficulties,  and  the  various  complicated  details  of  their  applications, 
would  require  a  great  number  of  pages.  This  wUl  therefore  be  reserved  for  an* 
other  Tolume,  as  announced  in  the  Preface.  # 
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LADVERTISEMENTJ 


W.    &   L.   E.    GURLE  Y, 

TEOY,  Hew  York. 


In  common  with  all  other  manufacturers,  we  have  been  compelled  by  the  great 
advance  in  the  cost  of  labor,  the  war  tax,  and  the  materials  used,  to  increase  our  old 
established  prices  for  Instruments,  &c. 

We  believe,  however,  that  in  most  cases  they  are  still  far  below  those  of  other 
makers  of  established  reputation. 

Compasnes. 

Plain,  with  Jacob  Staff  mountings,  4  inch  needle $30  00 

*'  "  *'  5         •*  38  00 

"  "  "  6         "  42  00 

Vernier,  "  "  6        "  53  00 

Raiht)ad,  "  "  6^      "  83  00 

Extras. 

Compass  tripod,  with  cherry  legs $  8  00 

"                "    levelling  screws  and  clamp  and  tangent  movements. . .   18  00 

"                "                   "            without                 "                 "           ...    16  00 

"                mountings  without  legs 7  00 

Compound  tangent  ball '7  00 

Brass  cover  for  compass  glass 1  76 

Outkeeper,  for  keeping  tally 1  75 

Transits. 

Vernier,  plain  telescope,*  6  inch  needle,  with  compass  tripod §  90  00 

Surveyors'  "  4  *'               "     adjusting    "     160  00 

"  "  6  "               "          "            "     165  00 

"  "  6^  *'                "           "             "     165  00 

Engineers'  "  4  »*               "          "            "     180  00 

»*  "  5  "               "          "            *'     185  00 

"  "  6  "            with  vatch  telescope 225  00 

"  "  5  "            with  theodolite  axis 225  00 

"  "  5  '*            with  two  telescopes   285  00 

Extras  to  Transits. 

Vertical  circle,  3^^  inch  diameter,  vernier  reading  to  five  minutes $  9  00 

"             4i          "                     "             **      single         "       15  00 

Clamp  and  tangent  movement  to  axis  of  telescope 8  00 

Level  on  telescope,  with  ground  bubble  and  scale 15  00 

Rack  and  pinion  movement  to  eye-glass 5  00 

Sights  on  telescope,  with  folding  joints 8  00 

Sights  on  standards  at  right  angles  to  telescope 8  00 

Solar  Compasses. 

Solar  compass,  with  adjusting  sockets  and  tripod $215  00 

Solar  telescope  compass,  with  adjusting  socket  and  tripod 240  00 

Micrometer  telescope,  16  to  20  inches  long,  with  rack  movement  to  object 

glass,  and  with  movable  clips  to  attach  the  sights  to  No.  1 28  00 

*  A  plain  telescope  is  one  without  any  of  the  attachments  or  extras,  as  we  term  them, 
inch  as  the  clamp  and  tangent,  vertical  circle,  and  levcL 
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Yankee  or  Boston '. |18  00 

New  York,  with  improved  mountings 18  00 

E«eTellliig^  Instnunents. 

Sixteen  inch  telescope,  with  adjusting  tripod $135  00 

Eighteen  "  "  135  00 

Twenty  "  "  135  00 

Twenty-two       "  "  135  00 

Builders'  level,  with  adjusting  tripod 60  00 

**  <*     leveling  screws,  and  clamp  and  tangent  movements 60  00 

Cltains. 

100  feet,  with  oval  rings.  No.  6  refined  iron  wire $12  00 

«*  "  "  6  "  "        9  00 

60feet,  "  "  5  "  " 6  50 

60feet,  "  "  6  "  "        5  00 

66  feet,  "  "  8  "  "        4  75 

38feet,  "  "  8  "  "        2  75 

66  feet,  "  "  10  "  "        4  00 

SSfeet,  "  "  10  "  "        2  50 

100  feet,  "  "  8  best  steel  wire     12  00 

lOOfeet,  "  "  10  "  "        10  50 

SOfeet,  "  "  8  "  "        6  50 

60feet,  "  "  10  "  "        X 5  75 

66feet,  "  **  8  "  "        10  50 

66  feet,  "  "  10  "  "        8  00 

83  feet,  "  «*  8  "  "        6  75 

83feet,  "  "  10  "  "        4  50 

100  feet,  brazed  links  and  rings.  No.  12  best  steel  wire 15  00 

SOfeet,  "  **  12             "            8  W 

66  feet,  **  "  12             "            14  00 

83  feet,  •  "  "  12              "            7  00 

markiiig^  Pins. 

Set  of  1 1  pins,  iron  wire.  No.  4 |1  50 

"  *'       steel  wire.  No.  6 2  00 

"  "       brass  wire.  No.  4 3  00 

Imported  measuring^  Tapes. 

Chesterman's  steel,  38  feet flO  60 

"  50  feet 14  25 

"  66  feet 18  00 

"  100  feet 25  00 

"  metallic  83  feet 3  00 

"        '*      50  feet 3  75 

"         "      66  feet 4  25 

"        "      70  feet 4  50 

"         "      80  feet 6  25 

"         "    lOOfeet 6  25 

Pocket   Compasses. 

With  folding  sights,  2}  inch  needle,  very  serviceable  for  tracing  Imes  once 

surveyed $  9  00 

With  folding  sights,  2^  inch  needle,  with  Jacob  Staff  mountings 11  50 

"  8i        "  »*  13  60 

"  8i        "  without        "  1100 

Without  sights,  1  to  2  inch  needle from  25  cents  to    5  00 

Miners'  compass,  or  Dipping  needle,  for  tracing  iron  ore,  a  new  and  beautiful 

article,  glass  on  both  sides 10  00 
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Hahol. — To  those  who  maiy  irisli  to  purchase  any  of  Die  Idstrinneats  mebtlolMl 
in  the  previous  pages  of  this  AdTartisenient,  we  will  sand  our  Jtnnual — ■  Book  ot 
ISA  pages,  contatDicg  a  full  description  of  tba  Bame,  with  the  ndjitatmeul^  ita.,  fre* 
of  «h>rgp,  (postage  iuclQded,)  on  upplieatioa  to  us  nl  Troy,  N.  V. 

iKStnouEstB  Wanted. — Id  regard  l«  the  Uest  kind  of  iDetnimenta  for  partisnlar 
purposes,  we  would  here  say,  that  where  only  comraon  surveying,  or  the  bearing  of 
liuea  in  the  surveys  for  County  Maps  is  required,  n  Plain  Compssa  is  all  that  ig  neeee- 
■ary.  In  casee  where  the  variation  of  the  needle  is  to  bo  allowed,  ae  )□  retracing 
Uie  lines  of  an  old  nurfey,  &c.,  Ihs  Vernier  Compass,  or  the  Vernier  Trunsit,  ia 
required. 

Where,  in  addition  to  the  variatioa  of  the  needle,  horij:ontal  angles  ars  to  ba 
taken,  and  in  oases  of  local  attraction,  (Jie  Hail  Road  Compass  is  preferable  ;  and 
for  a  mixed  practice  of  Surveying  and  Engineering,  we  consider  the  Surveyor's 
Transit  superior  to  any  instrument  made  by  ua  or  any  other  lauaufacturers. 

In  the  surveys  of  U.  3.  public  lands,  the  county  and  township  lines  are  reqnired 
to  be  ran  by  such  instruments  as  the  Solar  Compass. 

Where  Engineering  is  the  exclualre  design,  the  Engineers'  Transit  and  the  Level- 
ing Instmmcnla  are  of  course  indispensable. 

WiEKAvn. — All  our  instruiueDto  are  eiamined  and  tested  by  us  in  person,  and 
■re  sent  to  the  purchaser  adjusted  and  ready  for  immediate  nee. 

They  are  warranted  correct  in  all  their  parts — we  agreeing  in  the  event  of  any 
defect  appearing  after  reasonable  use,  to  repair,  or  replace  with  a  new  and  perfect 
iiistrameDt,promptly  and  at  our  own  cost,  express  charges  InoludeJ,  or  we  will  refund 
the  money,  and  the  express  ehai^ea  paid  by  the  purchaser. 

Instances  may  sometimes  occur,  in  a  business  as  lai^a  and  widuly  extended  aa 
oars,  where,  owing  to  careleBS  traoaportation,  or  to  defects  escaping  the  ulosest  »cni- 

Uny  of  tlie  maker,  instruments  mny  reach  oi  

aider  the  retention  of  such  instrumenla  in  a 
tu  than  t«  the  purchaser  himself. 

TlUL  or  iKSTnuHENTa. — It  may  often  happen  that  this  statement  of  the  prices  and 
quality  of  our  ioatrumenle,  may  come  into  the  hands  of  those  who  are  entirely  unac- 
qnainted  with  us.  or  with  the  quality  of  our  work,  and  who  Ihcrefore  feel  unwilling 
to  make  a  final  purchase  of  an  article,  of  the  excellence  of  which  they  are  not  per- 
feetly  assured . 

To  such  wa  maka  the  following  proposition  ;  Wa  will  send  the  instrument  to  the 
express  stAtion  nearest  tha  parson  giving  tha  order,  and  direct  the  Expren  Agent 
on  delivery  of  the  same,  to  collect  our  bill,  together  with  charges  of  traneporlatioa, 
and  hold  the  money  on  deposit  unlit  the  purchaser  shall  have  had — say  two  weeks 
actual  trial  of  its  quality. 

If  not  found  as  represented  he  may  return  the  Instrument  before  the  eiplrAlion 
*f  that  time,  and  receive  the  money  paid,  in  full,  including  exprest  elurgef,  and 
lirMt  the  Instrument  to  be  returned  to  ns. 


uch  greater  to 
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Low  Prices  of  our  Instruments. — It  is  often  urged  by  other  makers,  and  per* 
sons  prejudiced  in  their  favor,  that  it  is  impossible  to  make  first  rate  instmmenta,  at*   * 
the  prices  charged  by  us,  and  which  are  so  very  far  below  those  of  oiher  akillfo] 
manufacturers. 

"We  have  only  to  reply,  in  addition  to  what  we  have  stated  in  our  Warranty, 
that  a  visit  to  our  works,  and  a  comparison  of  our  facilities,  with  those  of  our  oom- 
petitors,  would  dispel  all  questions  as  to  our  ability  to  surpass  them,  not  only  in 
the  cheapness,  but  also  in  the  superior  quality  of  our  work. 

Packing,  <&c. — Each  instrument  is  packed  in  a  well  finished  mahogany  ease^ 
furnished  with  lock  and  key  and  brass  hooks^  the  larger  ones  having  besides  these, 
a  leather  strap  for  convenience  in  carrying.  Each  case  is  provided  with  screw 
drivers,  adjusting  pin,  and  wrench  for  centre-pin,  and,  if  accompanied  by  a  tripod, 
with  a  brass  plumb-bob ;  with  all  instruments  for  taking  angles,  without  the  needle, 
a  reading  microscope  is  also  furnished. 

Unless  the  purchaser  is  already  supplied,  each  instrument  is  accompanied  by  our 
*'  Manual,"  giving  full  instructions  for  such  adjustments  and  repairs  as  are  possible  to 
one  not  provided  with  the  ordinary  facilities  of  an  instrument  maker. 

When  sent  to  the  purchaser,  the  mahogany  cases  are  carefully  enclosed  in  ontside 
packing  boxes,  of  pine,  made  a  little  larger  on  all  sides  to  allow  the  introduction  oi 
elastic  il^aterial,  and  so  effectually  are  our  instruments  protected  by  these  precautioiis 
that  of  several  thousand  sent  out  by  us  during  the  last  thirteen  years,  in  all  w^awnn*^ 
by  every  mode  of  transportation,  and  to  all  parts  of  the  Union  and  the  Canadas,  not 
more  than  three  or  four  have  sustained  serious  injury. 

Means  of  Transportation. — Instruments  can  be  sent  by  Express  to  almost  erery 
town  in  the  United  States  and  Canadas,  regular  agents  being  located  at  all  the  mors 
important  points,  by  whom  they  are  forwarded  to  smaller  places  by  stage.  The 
charges  of  transportation  from  Troy  to  the  purchaser  are  in  all  cases  to  be  borne  by 
him,  we  guarranteeing  the  safe  arrival  of  our  instruments  to  the  extent  of  Express 
transportation,  and  holding  the  Express  Companies  responsible  to  us  for  all  Iomcs  or 
damages  on  the  way. 

Terms  of  Payment  are  uniformly  cash,  and  we  have  but  one  price.  Our  prices 
for  instruments  are  nearly  one-third  less  than  those  of  other  makers  of  established 
reputation.  They  are  as  low  as  we  think  instruments  of  equal  quality  can  be  made, 
and  will  not  be  varied  from  the  list  given  on  the  previous  pages. 

Remittances  may  be  made  by  a  draft,  payable  to  our  order  at  Troy,  Albany,  New 
York,  Boston  or  Philadelphia,  which  can  be  procured  from  Banks  or  Bankers  in 
almost  all  of  the  larger  villages. 

These  may  be  sent  by  mail  with  the  order  for  the  instrument,  and  if  lost  or  stolai 
on  the  route,  can  be  replaced  by  a  duplicate  drafts  obtained  as  before,  and  without 
additional  cost 

Or  the  customer  may  pay  the  bill  on  receipt  of  the  instrument  to  the  express  ageat 
taking  care  to  send  funds  bankable  in  New  York  or  Boston.  The  cost  of  returning 
bills  collected  by  express  of  amounts  under  $15,00  will  be  charged  to  the  customer. 

W.  &  L.  E.  GURLEY, 
Mathematical  Instrument  Makers 

FuLTOM-ST.,  OFFOsrrx  North  End  of  Union  R.  R.  Depot,  Troy,  N.  Y. 
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N.  K  In  the  following  table,  in  the  last  nine  columna  of  encli  pu!J:e.  where  the 
fint  or  leading  6gures  cliange  from  9*8  to  O's,  the  cliaractor  ♦  is  introduced  ingtead 
of  the  0*8,  to  catch  the  eve,  and  to  indicate  that  from  thence  the  annexed  firit 
two  figures  of  the  Iiogarftlim  in  the  second  column  stand  in  the  next  lower  line, 
directly  under  the  aateriak. 
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TABLE   II. 


LOGARITHMIC   SINES   AND  TANGENTS, 


FOR 


EVERY  DEGREE  AND  MINUTE  OF  TilE  QUADRA  NT. 


If  the  logarithms  of  the  values  in  Tublo  lU.  bo  eacli  increased  by  lo,  the  rosulta 
will  be  the  values  of  this  table. 

The  logarithniio  Secants  and  Cosecants  are  not  given.  They  may  be  readily  ob- 
talue'l,  as  follows: — Subtract  the  lo^urithmio  Cosine  fVom  20,  and  the  remaindor 
will  be  the  logarithmic  Secant ;  subtract  the  logarithmic  Sine  fVom  20,  and  the 
rtnudnder  will  be  the  lo^rarithmic  Cosecant. 
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TABLE  OF  CONSTANTS. 

Rise  of  Napier's  systcni  oflogaritlims  =  t  =  2-71828182845^ 

Mod.  of  common  syst.  of  lojrnntliin»  =  ....  com.  log.  «  =  M  =  0-434294481903 

Katio  of  circumference  to  diameter  of  n  circle  = t  =  3-i4i  5cf2'j51%)o 

lo|r.  r  =  o-497i4Q^72'>9i 

x"  =  9-869604401089 V  f=  *•  7':2453S5i^a''> 

Arc  of  Bame  lengtli  as  radius  = 1  So®  -f-  ir  =  10800'  -?-  t  =  64S000"  h-  z 

180°  -rir  =  57<=>* 3957795 i3o, ."..loir.  =  1 -75^13263240') 

10800'  -}-  »  =  3437'. 7467707849, loi:.  =  3  -536273882-0? 

648000" -f- ff  =  306364". 806347096 i, lo'j.  =  5-3i4425i33i-'. 

Tropical  year  =  365d.  5h.  43m.  47^*-  -588  =  365d.  -342217456,  lo-j:.  =  2-5623?io 
Sidereal  year  =  365d.  6I1.  9m.  10s.  -743  =  365d.  -256374332,  lop.  =  2-562^0-'^ 
34h.  sol.  t.=34li.  3m.  56s.  .555335  8id.t.=34h.X  1-00273791,  lo-jr.  1  •002=0-0011^-4 
34lj-8id.t.=34h.— (3m. 55s  .90944)801.  t.=34li.X 0-9972696,  log.  0-997=9.998^1  j^ 

British  imperiid  gallon  =  377-374  cubic  inches, lo-r.  =  2-442«}o^i 

Length  of  sec.  pend.,  in  inches,  at  I^ndon,  39-13929;    Paris,  39-1285;  Ne.v 

York,  39.1385. 
French  trae/re  =  3*3808993  English/^  =  39*3707904  inches. 
I  cubio  inch  of  water  (bar.  3o  inches,  Fahr.  therm.  63°)  =  353-453  Troy  grains. 
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